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WELCOME TO 





TOMORROW 


Do you ever wish you hada crystal ball so you could takea peek at 
whatis to come in the distant future? Well, now you can, with thisnew 
edition of How It Works World of Tomorrow! While it’s no magical 
artefact, it does offera glimpse of future developments in transport, 
medicine, entertainmentand space travel based on the innovations 
taking place in the present day, and speculations made by scientists 
and engineers. Learn more about how humans will live, interact and 
better the planet we live on (as well as other planets) in the future. You 
can expect flying cars, moon colonies and bioniclimbs, but you'll also 
discover how virtual reality will develop to influence every part of 
society, ifyou will be able to 3D print a customisable pizza, how our 
smartphones will soon bend to fitin our pocket and how we might cure 
big killers like cancer... Whether you want to know if we'll leave our 
roads and pavements behind, or whether Elon Musk will succeed in his 
mission to bring human settlements to Mars, you will find the answer in 
this book. No crystal ball required. 
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‘ 
G _ Solar power 
fh Buildings would 
pf incorporate solar 


panels into their walls 
to harvest energy. 













Farmscrapers 
High-rise flats could grow 
food both inside and outside « 
the buildings, helping to 

create natural insulation. 









Wind power 
The farmscrapers would 
also have wind farms on 
their roofs to make use of ~ 
unhindered wind energy. 
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Urban spaces 
By building up rather than out, 

cities will have room for spaces 
for recreation and leisure. 








Water collection 
Rainwater could be collected 
on the roofs of buildings, 

which would then be used in 
the homes below. 
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DID YOU KNOW? Solar power is expected to become the largest source of electricity by 2050 


Trees with solar panels 
instead of leaves can 
provide charging stations for 


Energy storage 
Excess energy produced 
by solar panels and wind 
farms would be stored in V 
batteries and fed back 

into the national grid. 


Plants replace street lamps ~~ 
Researchers at the Glowing Plant 
project have transferred firefly genes 
into plants to make them glow in the 
dark and light your way home. 





Experience the lean, green 
cities we'll soon be living in 


ajor cities are often viewed as grey, 
M energy-guzzling monoliths, but the 

cities of the future could change 
everything. As the planet’s store of fossil fuels 
dries up, we are looking for new ways to power 
our cities in sustainable but spectacular- 
looking ways. 

Skyscrapers will become towering 
greenhouses as vertical farming takes hold. 
Crops would be grown between storeys, taking 
advantage of the Sun's energy while using 
minimal ground space. These ecological 
super-buildings would have photovoltaic 
solar-cell facades and be topped by wind 
turbines, making these homes the ultimate 
self-sustaining structures. 

Tomorrow’s city centres could look very 
different as groups gather below solar powered 
trees. These so-called eTrees offer more than 
just shade, as the energy produced from the 
solar panels transforms them into mobile 
phone charging stations, free Wi-Fi and night 
lighting. The solar energy also activates an LCD 
screen that displays information such as the 
weather and educational content. 

Building upward would allow plenty of room 
on the ground for urban social areas as well as 
luminous plants. These are implanted with 
light-giving compounds knownas luciferins, 
which will make the greenery glow at nightasa 
cost-effective and eco-friendly method of 
illuminating tomorrow’s cities. 

Far from being a scary, soulless world as 
shown in movies like Judge Dredd and Blade 
Runner, the future cities promise to be bright, 
spacious and green, making the most of the 
amazing natural resources we have at our 
disposal already. 


Virtual fitting rooms 

This tech is already here! Some stores 
offer you the chance to superimpose 
clothes onto your body using a tablet or 
smartphone app. 
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TRANSPORT 


Why getting from A to B will soon become a breeze 


When you hear the term ‘transport of the 
future’ your mind will generally turn to flying 
cars. Excitingly, they're already on their way. 
AeroMobil has unveiled the third version of its 
flying vehicle. Capable of switching in seconds 
between car and plane, you could wing your 
way to your destination, free from trafficjams 
and roadworks. On the ground, the AeroMobil 
uses regular petrol and fits into any standard 
parking space, but can reach 200 kilometres 
(124 miles) per hour in the air thanks to its Rotax 


gi2 engine. This would reduce the traffic in 
future cities, making the streets safer for people 
on the ground. 

Also, companies such as Amazon and DHLare 
trialling drones that can deliver parcels under 2.3 
kilograms (five pounds), which Amazon says 
makes up 86 per cent of their deliveries. The use of 
drones will clear the streets and air as they will 
be battery or solar powered. 

Ifyou still felt like you wanted to stay on the 
ground, however, driverless taxis could ferry 
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you around. The Google driverless car has 
already completed over 1,125,000 kilometres 
(700,000 miles) of accident-free driving using 
GPS satellites to map routes and on-board 
cameras to search for hazards. 

These cars could be used as taxis - which 
would be summoned by a smartphone app - 
and would drive closer to each other and more 
efficiently than human drivers, meaning that 
no one need ever owna car. Unless it’s an 
amazing flying car, thatis. 
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IU KNOW? Even though it's a flying car, the AeroMobil uses regular gasoline 
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New York's bike-rental scheme, driverless cars 
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White blood cells 


J seen as invasive. 


fs 


Resistance-free 


f As they work so quickly, 


their targets would not 
be able to build up a 
5) resistance, making them 
a repeatedly effective, 
Ja 
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Attack robots 
Tiny blades could slice 
through tumours, 
destroying cancerous 


cells but leaving healthy 
cells untouched. 





i White blood cells won't 
attack and destroy the 
nanorobots because the 
material used is not 


Volume 

Mass production would 
enable up to 100 billion 
nanorobots injected at 

atime to treat diseases. 
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Entry 
Nanorobots the 
size of bacteria 
will be injected ¥ 
into the patient. 
+ 
- a : 
Tiny tech 
Nanorobots 
will be powered 
Through the body by microscopic 
They will be small enough engines and 
to travel through veins, manoeuvred by 
arteries and capillaries. ultrasound 
manipulation. 
eee 






Blood clots 
The nanorobots could 
remove blood clots that 


block arteries and cause 
heart attacks. 


The microscopic 
tech that saves your 
life from within 


The area of nanomedicine is one 
that is advancing so rapidly that 
doctors could soon be piloting 
miniature robots through your 
body to diagnose and even battle 
illness, It is expected that within 
20 years, molecular 
manufacturing will have reduced 
the size of robots to roughly the 
size of bacteria, meaning they can 
enter the body to spot and even 
cure disease. 

The miniscule robots could be 
programmed to behave likea 
white blood cell, seeking out 
illness-causing bacteria or germs, 
latching onto them and slicing. 
them up into molecules too small 
to do any further damage. Doctors 
could then remove the robots by 
using an ultrasound signal to 
direct the robots toward the 
kidneys where they would get 
washed out in urine. 

Another potential use for 
nanorobots in medicine is actual 
surgery. A set of chromosomes 
would be manufactured outside 
the body and attached toa 
nanorobot. This would head 
straight toward a diseased cell, 
remove the damaged 
chromosomes and replace them 
with the healthy ones. 

Another fascinating area of 
study is anti-ageing. Researchers 
have managed to restore the 
health of cells in a two-year-old 
mouse making itas fitasa 
six-month-old mouse. By 
injecting nicotinamide 
adenine dinucleotide (NAD) 
into the mice, scientists 
increased the level of 
communication between 
cells. This is very 
important, asa lack of 
communication between 
cells is heavily linked to 
diabetes, dementia and cancer. 
It’s hoped that this scientific 
breakthrough will ultimately be 
proven successful in humans. 
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DID YOU KNOW? The Boris 2 requires countless calculations to assess the size, weight and shape of unfamiliar objects 


eel ees) 
ROBOTS 


The tech that will keep us happy, healthy and up- 


Medical 


The da Vinci SI surgical robot is the world’s 
most advanced robotic surgeon. It is operated 
via a master control unit that moves the four 
See arms ofthe machine while the surgeon looks 
through an HD camera. This allows greater 
precision during surgery, greatly improving 
patient comfort and recovery. 
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. 
Domestic 
Arobot called Boris 2 is one of the 
first in the world to intelligently 
grip unfamiliar objects. Developed 
by scientists at the University of 
Birmingham, the autonomous. 
robot was designed with loading 
the dishwasher in mind -a chore 
that encompasses a range of 
general manipulation tasks. 


eed 





Recreation 


Pepper is a humanoid robot 
designed to live with us. Sensors 
are used to gauge your facial 
expressions, listen to you, learn 
your body language and react 
accordingly. It’s a social robot that 
will try to cheer you up when 
The four arms of da Vinci 


Sican be much more you're sad by playing your 
accurate than a surgeon favourite song, for example. 


013 
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your smartphone? 


| WORLD 


Discover what we'llsee through the 
augmented-reality contact lenses 


Smartlenses are contact lenses that 

display information such as routes, 

weather and your Facebook news 
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Korea has mounted an LED ontoa 
normal contact lens, which shows Dining 
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DID YOU KNOW? Although it's a futuristic method, the Z Machine has 
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Calorie counter 
So far today you have 
walked 8,2km in two 
hours. This has 

burned 495 calories. 


Weather 

The current temperature i 

18°C (64°F) and sunny. There is 
aten per cent chance of rain. 


Entertainment 
Turn to your right to 
buy tickets for a 
range of Broadway 
shows including 

Of Mormon and 


Location 

There are three of your 
Facebook friends within km 
(0.62mi). Connect with them? 
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ENERGY 


Fusion power: clean energy for tomorrow's power stations 
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The tech that will help us go where no man has gone before 


Ever since Neil Armstrong set foot on the Moon, 
fe epeC de oekelctasa cokes (ots akele sales la) 
Mee Te CUMS e adie tees thls 
increasingly viable thanks to advancements in 
space travel and space suits. 

Voyager 1 has travelled just short of 20 billion 
kilometres (12.4 billion miles) from planet Earth, 
butso far, humans have only reached the Moon, 
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sending humans further distances are fuel 
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provides the thrust for a rocket to launch without 
weighing too much. Solar technology, will also 
reduce the reliance on fuel, lightening the load. 

MIT has developeda skintight space suit that 
essentially shrink-wraps the astronaut, 
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bolt toa huge satellite dish means that missions 
can leave without bulky payloads on board. 

All these advances in technology have pushed 
Oahu ees SAO an Clb Heat oe 
planet. Mars One isa project thataims to have 
humans living on Mars by 2025. They hope to 
achieve this by sending up rovers and life- 
Rem CRAM M eC ccna 
will seek outa location close enough to the poles 
for water, the equator for solar power and flat 
enough to build on. The life-support units will 
leech water from the soil by heating subsurface 
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eating oxygen, nitrogen and argon, to make 

atmosphere breathable. 
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DID YOU KNOW? The Falcon 9 was developed by Spacex, a private research facility owned by Elon Musk 
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2 Hypersonic flight 
Soon enough, transatlantic 
flights will lasta few hours 


y] Fly to the future 
Will we leave our roads behind 
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ic Smart motorcycles 
BMWis looking to create the 
new motorcycle standard 
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4 Next-gen emergency 
vehicles 
Ambulances and police cars will 
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01D YOU KNOW? The crack of a whip is actually o sonic boom - the end of a whip con reach Mach 2 
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may look similar to the jet planes we're 
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kilometres per hour, or 343 metres per second. 
But to be classed as hypersonic, planes must fly 
at least five times this speed - 6,175 kilometres 
per hour, or 1,715 metres per second. And their 
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Hypersonic vs supersonic 
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speed of sound - for the first time in human history. 

Cee eSB eee OR eo eee 
gave way to the Bell X-1 rocket plane, and they realised that 
Tenia euch une caten 

EMC eee ance Renna 
obstacles to break the sound barrier, these factors are 
oie near ence te caer) 
CE ORCL eT ea ea Looe Lely 
Nee CCG Cac AUC acta ueeiceusck ee ai il 
POE Sec he ce men heen eet ea cl 


cope with huge pressures. 


What causes a 
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Why breaking through the sound 
barrier is such a noisy affair 






Continuous boom 

An aircraft travelling faster than Mach lis 
constantly producing shock waves, which 
merge to form a cone, In certain conditions, 
this is visible as a conical cloud of water vapour. 


NN Reece eke Pye 
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can reach Mach 20 - that's nearly seven 
kilometres per second! As long as these vehicles 
can withstand the pressure in the atmosphere, 
they can keep moving faster and faster. 

For over 30 years we were able to use Concorde 
to fly at supersonic speeds. It broke through the 
Ee he las echt CO ous Ea ec hCoee Slte 
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and commercial airliners capable of reaching 
even greater speeds. This is, of course, no simple 
fer amia idee keane ComeM artis 
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building new and innovative aircraft. 
This technology reveals new realms of 
possibility that would make air travel more 
efficient and convenient than ever before. 
Imagine travelling halfway around the worldin 
justa few hours, or seeing aspacecraft climb into 
the upper atmosphere without a gigantic rocket. 
BU Sieeo wll seca eel ee eae ead 
of science fiction - we've already flown vehicles 
at hypersonic speeds, and researchers are now 
eT) oases CLE ele) eee elle ite 
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engineering and the faster world that awaits us. 


“Hypersonic aircraft attain speeds that would 
tear Gg conventional passenger jet apart” 


Below Mach 1 


The aircraft compresses 
the air in front as it moves 
forward and emits noise 
from its engines, forming 
waves that move away at 
the speed of sound. 


As the plane exceeds the speed 
of sound, it overtakes the 
waves. This causes a change in 
air pressure, or a shock wave, 
which is heard as a sonic boom. 






















SUBSONIC 
SPEED 


At Mach1 
When the aircraft 
reaches the speed of 
sound, the air being 
compressed cannot 
move away fast 
enough, so the waves 
accumulate at the 
nose of the plane. 


loyal 


PENM3 NODATOTOBMNIA FPYNNA "What's News” VK.COM/WSNWS 





BUILDING A HYPERSONIC VEHICLE 


The challenges and successes in the engineering community's quest for hypersonic flight 


Supersonic aircraft such as Concorde differed 
Pic AIOUnU tele cee tn igs Laem LL 
had adapted wing designs and advanced 
engines. These changes allowed Concorde to 
smash through the sound barrier, which is 
something subsonic commercial jets were 
simply unable to do. 

The difference between a supersonicanda 
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because at hypersonicspeeds the rules change 
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Speed 

Scramjets are most 
efficient at hypersonic 
speeds starting from 
around Mach 6. 


materials such as ceramics. And they can’t stop 
fee Mel tec eS eres) AONE CHiCe) 
fiatdetcclem ee See Lele Coos EST) Ny 
too great to fly at hypersonicspeeds. Hypersonic 
Aila(su ence ttlebel taney icenees 
Elen) oC mu Cae e Sul aeneetire aaa 
order to lessen the strain on the aircraft. 
Perhaps the biggest consequence of the 
Teli eee ang eek ie cece 
Uae eee ee SEI ese eae 
PNISHO UTR e ene CMe od 
does so at subsonic speeds (the supersonic 
airflow is slowed by an engine inlet), butifyou 
tried using a similar setup when travelling at 
Ngan eyes Manele este) hia 
Sayles e ae eC ome Meco haul 


‘Ramming’ 

Air is forcibly packed into the 
engine due to the immense 
speed of the aircraft. 


Supersonic airflow 


An inlet conditions the 
airflow before delivering it to 
the engine, where heat is 
then added in order to 
generate the thrust needed. 


Unlike rockets, scramjets rely 
on air from the atmosphere to 
burn their fuel. 


rocket engines - the only proven systems to 
belo ay eset aoe cee Ta eee Care| 
themselves a more ambitious question: could we 
take what we've learned about the jet engine 
and design an equivalent that works at high 
supersonic, and even hypersonic, speeds? 
This led to the invention of the supersonic 
ely ecu emer eM kab aed 
peyatilale) (ROEM (le sirateCectale lies eyeyareeelaVcNacllt 
ofthe unnecessary components for hypersonic 
travel -such asa turbine and a compressor — 
allows air to move through much more quickly. 
With few moving parts, these simple-looking 
Coiitog cele eee nae (ome Cwcli aCe) 
soar atincredible speeds; and in doingso, have 
each Mere ne ea ncee EMEC ORCI oM 


Wea ne) 816-18) 8) 
speeds the rules 
change completely” 


Supersonic flow 

Airflow is slightly slowed to 
increase temperature and 
pressure but still lows through 
the engine at supersonic speeds. 


Subsonic airflow 
Air is drawn into the engine by 


turbines and compressed, slowing 
the flow to subsonic speeds. 


Combustion 
Compressed air combusts 
the fuel source and leaves at 
a higher temperature and 
pressure through the 
exhaust, producing thrust. 


Conventional jet engines are 


capable of operating at 
speeds of up to Mach 3.5. 


_ Conventional 
jet engine 
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A hypersonic vehicle would experience 492,000kg/m* of pressure if flawn at ground level 


BURN USN eal oo 
Puce cS M na i) 
eee y seen is 


| 


Thrust 

Pressurised air combusts the 
fuel source and produces 
thrust as it exits the engine. 
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THE FUTURE OF HYPERSONIC FLIGHT 


Exploring the concepts that could one day replace the jet plane 


Ifthere’s one lesson that we've learned about 
Niele eli aen rem ecT eC Len eer e Lea 
power are all major obstacles. Too much weight, 
and you can’t reach the desired speed, Too much 
heat, and your aircraft will melt mid-flight. And 
then there’s the question of how we can power 
sean MOP eaeron eyes Seed sng 
there, Fortunately, solutions for each of these 
critical problems have been suggested - and 
Outs aee ee acone Ce) 
brane apes celuciicn 

BTovaten Zc AVensver bao eSe SCO e ne ra @atste (chcy 
PTE Neh wed ae) e yaaa ens 
ieee eM Nese ace Ne) 
ISCO eRe Coa COMUN ES CMI RUN SC Led iS 
EVN ues CPE UENCE GEE Revert) airtcen a the aircraft Rocket booster 
we could be bidding farewell to runways one allows the pilot to As the turbojet engines 
day. A railgun is an electromagnetic strip that maintain control across SE es 5 
uses electricity to launch projectiles at incredible the ful Mach range: beyond Mach 1. 
speeds, and could be used to fire the Skreemr 
into the air. This would eliminate the need for AIRBUS 


tons of extra rocket fuel for take-off, reducing the Mounted ramjet engines 
These engines generate thrust 

































Passengers 

Up to 300 passengers plus 
baggage can be transported, 
ensuring ticket prices remain 
competitive with those of 
subsonic airliners. 





AIS COC SEC Ghely once the aircraft has reached a 
Another design by Bombardier, known as the high altitude and is travelling at 
Antipode, could tackle the heat problem as well supersonic speeds. 


ETB outset lenieeye hohe SAPS EeT esl be LC 
Oa UE e Ane CMC ele 
TUM Cen cee Bien) 
aerodynamic friction and the sound produced by 
the sonic shock waves would be significantly 
reduced. And these features would help.th 
Antipode fly up to Mach 24, equivalent to 29 
Stes MLM Mee See 
STAC NAIM a cleo eet} x 
ETT Mosus oan UAL Sg ee CRMC ONE Cacti Rotating fins 
aoe ese lM tr aMole OPN a keane 1a Fins at the rear of the plane 
agony cere eis tence can switch between 
horizontal and vertical 


orientations for increased 
stability and speed control. 





Cr 
Advanced ramjet engines 


Climbing are ignited when the 
Once the aircraft has aircraft reaches an 


reached the lower 
Take-off stratosphere, the altitude of 35km. 
detengines:attached rocket engine ignites. 
to the fuselage 
would be used for 
taxiing and take-off. 


Accelerating 

The aircraft breaks through the sound 
barrier while travelling vertically, causing 
the sonic boom to travel horizontally 
instead of towards the ground. 
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Liquid hydrogen fuel, which most hypersonic aircraft will use, is much safer than conventional kerosene fuel 


The history of hypersonic travel 


It's been 60 years since a piloted vehicle first travelled faster than Mach 5, 
breaking the hypersonic barrier in a defining moment that showed the true 

Pees eee eee it ue hen eet  pd 
carried at hypersonic speed, but taught us about how best to design, control and 


POMC EN eee etic iar ete Cems eer is cacy 
Pee ug A su emcee Ren ee iccd 
CART eeu ase een er ace kt 
er Melee cece ais 

Its achievements filled its creators with confidence that they could soon launch 
Oe cern ese out aide kee teers 
eee Agee eeu ene uae ine um 








The legendary X-15 
was the first vehicle to 
carry a pilot at 
hypersonic speeds 





Fuel 

Almost half of the aircraft's 

weight - approximately 400 
) tons - is its fuel mass. 


No view 





Qay 


Turbo ramjets 
A turbojet and a ramjet are 
combined into a single engine 







Windows that can cope with the heat of 
hypersonic travel are expensive and heavy. 
Passengers may have internal screens 
linked to viewing cameras instead. 


Fuel tank 








_ Passengers 


that is capable of take-off and 
landing, as well as cruising at 
hypersonic speeds. 


Airbus’ design would 
be fuelled by on-board 
liquid hydrogen and 
liquid oxygen, as well 


















This concept can carry 
up to 20 passengers 
along with two pilots. 
















as ambient oxygen 
from the air. 


MS a RUC CR Ce 
CS eae eu 
ference 












Retractable 
turbojet engines 
Conventional engines are 
used during take-off and 
are then withdrawn into 
the fuselage, making the 
vehicle more streamlined. 





“We could be 
bidding farewell to 
runways one day” 
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Rocket power 
Lal Rockets take over from the 
jet engines after take-off to 


increase the aircraft's speed 
to at least Mach 2.5. 





























Itmaysoon be possible to Jet engines 
Sahat 5 Subsonic jet engines are 
watch the Sun rise in Paris required for take-off and 
= a safe landing. 
and set in Tokyo 
Most of us see travelling to the other Oxygen tanks 
side of the globe as the trip ofa lifetime. ‘air-breathing’ engin 
Aside from the expense, these journeys ( > the rockets require a 


source of stored oxygen 


take avery long time indeed. When we for fuel combustion. 


have to watch hours upon hours of in-flight 
Ccoae Treva Coslmeew amare inc le oes : 
we're lumbering through the air. y 
ASS bele as Rn Vog OU lea meamecs Beesley) 
we've been content to fly within the sound A 
LEVea ee IUa eH EL mR mac RTL oseel eC 
aC hasan en Cr Ore eaten 
any passenger plane has before. By flying at the 
MyMeL eT Teese eR Cone Liquid hydrogen 
MTCC meric ntete eg Tye .tavis of torrpgat 
are used to fuel the 
reduce travel times and change the way we rockets and ramjets. 
Code) ccRUNcR eal 
The unique design of the aircraft has 
become the main challenge for 
revolutionising air travel. Most 
passengers probably wouldn't 
be comfortable strapping 
into a rocket and blasting 
EU ency eT eLOs bree 
ofa aCe NOTE MLeLtLe| 
EV eMac Nason omeetil siecle Tass 
bad for the environment. Ideally, the hypersonic Lightweight materials 
passenger carrier of the future will operate To compensate for the weight 
, P F of multiple engines, the frame 
eRe NARI O neem Soe must be lightweight yet strong Ramiets 
SoU Mele ROR mee be BEM) esc eI enough to endure high levels of When the aircraft's speed reaches 
eee RnR Ca AAC eke ee) ARC aus aerodynamic drag. 3,100km/h, air can be ‘rammed’ 
PPM CM eT Cee Re sree TT NA through the ramiets fast enough for the 
engines to produce thrust. 
Engineers have decided that using multiple 
engine types is the way to get this technology off 
the ground. Typical jet engines could be used for 
take-off and landing; a rocket engine could then 
propel us to great heights and speeds; and then 
the supersonic or hypersonic engine could take 
Nem VvER Wen CO Rn oder cece nent Ey 
thrill ride, as some designers believe their 
aircraft would have to take off near vertically! 
Those of us with a nervous disposition to flying 
may find it best to stick to the relatively sluggish 
speeds ofa jumbo jet. However, for those 
holidaymakers and businesspeople who want to 
maximise the time spentat their destinations, 
Evie QUI aed yc heme leclecte nano an “ 
Be F aN Ree un ula 
Elenite) acm sero olibae aul me aan only an hour and a half to travel 
AON elec SER ok MT 


NN en citcics 
you from London to Sydney in 
CRUE Bele 






026 
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Travelling at Mach 5, you could circumnavigate the globe in less than seven hours 


SED eae ite t 
Oeste M Ing 
OMS P ene oan) 
POE een ane 
Pee eae cc} 


une “Hypersonic travel would 


Helium is used to pressurise the 


propellant tanks, allowing liquid gp the (a8 we 


hydrogen to be combusted in mH 
the rocket engines explore the world 


Passenger cabin 

Up to 100 passengers High altitude 

can be carried in the To minimise air resistance 

pressuxjsed caben. the ZEHST would climb 
32km above sea level for its 
journey - three-times 
higher than a Boeing 747! 


i 
s 
g 
& 


Streamlined design 
The pointed nose and narrow 
wingspan, reminiscent of 
Concorde, maximise the 
aerodynamics of the vehicle. 


ST eee eet 


a 


potest London to New York flight 
ZEHST 
6,180km/h (Mach 5) 


Concorde 
2,180km/h (Mach 2) 


Boeing 787 
920km/h (Mach 0.85) 
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O10 YOU KNOW? Eddie Rickenbacker wrote the first story about flying cars in July 1924 





hen The Jetsons debuted on television 
W in 1962, astronaut John Glen had just 

become the first American to orbit 
Earth, But during the optimism of the early 
space age, when rockets, satellites and nuclear. 
power were on everyone’s mind, it must have 
seemed like we would all be flying to workina 
hover car like George Jetson within a few years. 
Yet despite ever more lifelike flying cars on 
screen — from Luke’s landspeeder in Star Wars 
to those in the recent Total Recall remake — 
we're still waiting for them to make the leap 
from science fiction to science fact. However, that 
wait may soon be over. 

This year has seen a flying car frenzy. Atleast 
two working prototypes have been unveiled, 
with the Lilium Jet going on its maiden voyage in 
Munich and the Kitty Hawk Flyer publicly 
demonstrated in San Francisco Bay. Meanwhile, 
ride-hailing app Uber has announced plans to 
launcha network ofairborne taxis in Dubai and Alcatel, 
Texas, and Slovakian company Aeromobil is now fesieral ho 
reserving its fleet of 500 flying super cars to buy. rece hoe 

Google co-founder Larry Page has not only 
invested in Kitty Hawk this year but has also 
been funding another flying car company called 
Zee.Aero since 2010. Beyond the startup scene, 
both aerospace and auto industry giants, have 
also committed to developing honest-to- 
goodness flying cars. 

So why now? The last few years have seen 
some major technological breakthroughs that 


could help flying cars finally lift off. Many of the ‘oe irleahteed 
designs we're seeing now use electric propulsion os 5 
rather than jet fuel because battery technology ba Lo ae 
has witnessed vast improvements driven by the = ] 
demand for hybrid and electric cars. 
While some concept vehicles still imagine 
humans in control behind the wheel, advances 
in so-called ‘machine learning’, which is Looking like something out 
essentially artificial intelligence, have led many Cy 
companies to pursue self-driving flying cars. rteegec com ta 
This means the user won't be required to owna es es ae 
pilot's licence, making flying cars more emu tad 


Reet eS ec r 











accessible for everyone. 





Reem etoc ot 
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Bren ane Ca 
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“AeroMobil is now 
reserving its fleet 
of 500 flying super 
cars to buy” 





Se ena ls 


For years little more than a fanciful sketch, 
flying cars are rapidly becoming a reality 








The popularity of consumer drones, while 
much smaller and lighter, have also helped to 
drive down the cost of some components. In fact, 
the industries overlap; Chinese drone maker 
EHangare developinga self-flying taxi that looks 
like an oversized quadrocopter. 

However, having been cruelly let down by pie 
inthe sky fantasies about flying cars in the past, 
it’s important that we stay grounded. Most of the 
manufacturers that have made announcements 
this year also say we won't actually be whizzing 
through the skies until 2020 or 2025. While the 
tech that underpins these vehicles is pretty 
much there, it will take years to fully develop 
them, carry out the necessary test flights and 
safety checks, as wellas make the whole process 
simple enough that these flying cars could be 
affordably mass-produced. 

Despite spurring on many of the innovations 
that make flying cars possible, Tesla CEO Elon 
Musk has reservations about flying cars. 
“Obviously, I like flying things,” he told 
Bloomberg, referring to his other side line, 
private rocket company Space X. “But it’s difficult 
to imagine the flying car becominga scaleable 
solution.” He also has concerns about mid-air 
fender benders. “Ifsomebody doesn’t maintain 
their flying car, it could drop a hubcap and 
guillotine you,” Musk said. “Your anxiety level 
will not decrease as a result of things that weigh 
alot buzzing around your head.” 

It’s easy to dismiss Musk’s skepticism due to 
the fact he is developing an entirely different 
form of transport that would see drivers travel in 
high-speed underground tunnels or 
‘hyperloops’ rather than fly. However, many 
aerospace engineers and aviation experts have 


expressed similar concerns about the danger of 
the sky filling up with commuter traffic as 
airports, urban helipads and air traffic control 
would come under unprecedented pressure, 

As part of their plans to create a fleet of flying 
taxis, Uber have committed to building so- 
called ‘vertiports’. On the one hand these are 
intended to ensure that landing pads are as 
accessible to users as their conventional, 
earthbound taxis. However, they'll also goa long 
way to easing demand on existing infrastructure. 

Chinese firm EHang plan to build private air 
traffic control towers wherever their passenger 
drones operate. One of these ‘command centres’ 
is already up and running in Guangzhou, where 
EHang carry out their test flights, These centres 
will monitor the autonomous shuttles, receiving 
live feed readings, including speed, altitude, 
individual propeller power, and location. The 
staff will be able to view camera feeds from the 
drone and communicate with passengers inside. 

These are only the first steps towards making 
our skies safe for airborne commuters; 
government agencies in every country will likely 
impose their own rules and restrictions. 
However, if rules for the sky can be established, 
flying cars have the power to transform not just 
the way we travel but how we live our lives. 

Alternatively, if we all get used to living the 
high life, jetting from location to location, is 
there even any reason to return to street level? 
Read on to discover how flying cars 
have evolved, the tech that makes 
them tick and what the future 

may look like when they finally 
fulfil our Jetson dreams. 


Even if flying cars overcome alll technical barriers, 
Fee Cu roe acc 
Cee eee eae ene 
years for lawmakers to agree on. Self-flying cars will 
probably have to meet additional standards. 
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Simple storage 

The TF-X’s wings fold up so 
compactly the vehicle can be 
stored in a standard parking 
space or garage. 


Cruising speed 
The vehicle will reach 
322kph and have a 

805km flight range. 

















Rechargeable batteries 
The vehicle's petrol engine can 
either recharge its electric motors 
or they can be plugged into an 
electric car charging station. 





Fuel consumption 


Te eae ca 
CCM une WE sah 
Eres eau ani 
De ee Mee 
alternative, but jet fuel still 
oer a 
kilogram, a key consideration in 
EUnet smn Care 
iad este eT 
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The Aeromobil steering wheel has a large red button marked “Launch” that you press to make the cor transform 


Hybrid power 


In the air, the propeller is driven by a 
gas-guzzling, four-cylinder engine. On the 
ground, this acts as a generator, driving 
electric motors in the front wheels. 





Digital cockpit 

The driving seat is surrounded 

with digital displays showing 
necessary information for both 
driving and flight modes. fe 


















Vertical take off 
The TF-X’s propellers 
will shift from a vertical 
to a horizontal position 
and be powered by a 
300-horsepower engine. 


Noise pollution 





E fully autonomous. a 


Ballistic parachute system 
In case of an emergency, the 
Aeromobil deploys a whole-aircraft 
parachute to slow its descent. 









Flying high 
Classed as an ultralight aircraft, 

_ ithasa top air speed of 360kph 
~ and arrange of 750km. 





Licence to thrill 
While you need both a 
driving and pilot's ad 
licence to operate the 
Aeromobil, the aim is 
for future versions to be 





Easy rider 

The vehicle will be 
certified as a Light Sport 
Aircraft in the US so that 
it can be flown with a 
pilot's licence that only 
requires 20 hours training. 











“Many engineers 

. have expressed 

} concerns about the 
sky filling with traffic” 


Infrastructure 
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— Smart sensors 


‘Cameras, radar and lidar sensors 
will help it manoeuvre around birds, 
aeroplanes and other drones. 


Faster than driving 
The Vahana will have a top 
speed of 225kph and a 
range of up to 8Okm. 


Airborne deliveries 

As well as transporting people, 
Airbus suggests the self-flying 
Vahana could also ship cargo. 


Swappable 
batteries 
Depleted batteries 
can be physically 
swapped out for fully 
charged ones. 


Transforming tiltwings 
Moving propellers will 
seamlessly transition between 
vertical take off and landing to 
forward-facing flight. 


eee eset 
promising they will invent the flying 
Cee Se eeu kr 
OTR Mee SOR iS 
eucyest tlarncee Cte aces 
While it looks like something out of 
Recut r Tee EN Crue} 
ieee heat pret ei) 
tne neta nr enn ent lathes 
Pree aM esrn iis) ace 
Pee MUNG n CCL 
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Distributed propulsion 
Lilium have squeezed 36 
electric motors into ducts in 
the wings, which also swivel 
for vertical take off. 


Reduced noise 
While a helicopter’s 
large rotors are noisy, 
Lilium’s small enclosed 
motors shouldn't annoy 
the neighbours. 


Flying carpool 
While most flying cars 
offer single occupancy, 
Lilium’s prototype 
carries two people with 
plans to carry five. 


Re RRC el) 
Wee Meee Melia) 
that this all-electric aircraft can take to 
Caan cache ene) 
a few minutes, with no one in either of 
eRe eee er suru is 
SRN: US ast ects S md 
eee eae ae ans 
oie u ee aCe cas 
Paha Ue ue 
PCE ae) perio 


Sees ea en Rey een ig 
passengers distances of up to 16 
Cael oltre COM eld 
PMC Ae te RRO B ole) 
Portable eset 
eure ene acai 
PRP CLAM R Rud ee ety 
Mingen ua Malate nied 

MCC Renate re 
eee ce kel ities 
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Quick commuting 
The Lilium Jet can travel up to 
300km at speeds of 300kph. 


B scam 


Empty cockpit 
The 184 only contains a 
comfy chair, free Wi-Fi 
and holders for your 
phone and coffee cup. 


Flying solo 

Limited to a 120kg 
payload, the single-seater 
EHang 184 can only ferry 
one person at a time. 


Top speed 

Built with four propellers 
and eight motors, the 
drone has a cruising 
speed of 100kph. 


Command centres 
EHang will operate private air traffic 


"control centres (command centres) 


to monitor all 184 flights. 
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While privately owning a flying car will be pricey, Airbus estimate a taxi ride will only cost $1.50 to $2.50 per mile 


Up, up and Uber! 


Ride-hailing service Uber has announced it is also 
taking to the skies. The company will trial UberAIR 
flying taxis in Dubai and Dallas in 2020, which 
passengers will be able to summon using its 
regular mobile app. 

“Urban aviation is a natural next step for Uber in 
this pursuit, which is why we are working to make 
‘push a button, get a flight’ a reality,” said Uber's 
chief product officer Jeff Holden at a press event. 
Holden added that while these flights will initially 
involve manned aircraft, they will eventually be 
cheaper, faster and more environmentally friendly 
than conventional Uber rides as they will use 
autonomous electric aircraft. 

Uber has hired Mark Moore, a NASA aircraft 
engineer renowned for his VTOL work, and 
partnered with several aeronautic manufacturers 
to develop these vehicles. Once operational, Uber 
also plans to build vertiports — landing pads with UberAIR will operate a network of aircraft flying 
charging ports — in easily accessible urban areas. distances of up to 40 kilometres 











Kitty Hawk are not currently 
planning to ship the Flyer 
outside of the US 





“Uber is set to trial! 
flying taxis in Dubai 
and Dallas in 2020" 

y 
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Staying grounded 
Having the option of driving 
or flying will enable people 
to still drive for short 
journeys, such as a trip to 
the local supermarket. 





Flying in formation 
ow DE Smarter onboard Al will allow 
7 “SF > flying cars to travel in close 
Long-distance a a r_% % proximity (like a shoal of fish) to 
) commuting ~~ use airspace more efficiently. 


1 
i MMR The option to travel further ph 
4 in less time will mean many i 

\ workers will commute 


from neigbouring cities or 
rural outskirts. 


hoc 
“Kitty Howk plan 5 

to start selling 5 t 
se 







oe 
es 











the Flyer by the 
end of the year” 






A... back the streets 
As flying becomes the norm, 
oo 1 
41 | 





roads and ground-level parking 
will disappear in favour of more 
pedestrian public spaces. 
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A robot arm made by Tesla can swap out rechorgeable batteries in go seconds and could be used on flying cars 


Rooftop taxi ranks 
} Vertiports and landing 
strips will be scattered 
across city rooftops, so air 
taxies will always be 
nearby and have 
somewhere to recharge. 


High-altitude wind turbines 
that generate more energy 
and solar panels will power 
flying car charging points. 


Air mail 
Self-flying cars will make drone 
delivery more accessible, until 
eventually all packages will be 
I? shipped by air. 
An actual ‘Air bus’ 
As batteries become more 
j B powerful, electric flying vehicles will 
ay J 4 =f a be able to carry more passengers, 
Lal revolutionising public transport. 


Unmanned air 
traffic control 
Smart control centres 
will coordinate city air 


with vehicles, rather 
than human controllers 
talking with pilots. 


traffic by | }) . 
communicating directly | nl 
wr 


8 become a thing of the past, as 

zB fleets of autonomous passenger 
drones could ferry people 
wherever they need to go. 
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On board the 
Dream Chaser 


With the Space Shuttle in retirement, NASA is 
looking to the next generation of space planes 


ierra Nevada's Dream Chaser isa 

smaller, more adaptable version of the 

Space Shuttle and will spend much ofits 
time going on trips to resupply the International 
Space Station (ISS). Unlike the Space Shuttle, 
Dream Chaser can fly autonomously, 
without a human pilot. Crewed 
versions will also be 
developed, capable of 
carrying seven astronauts 
plus cargo. 

Once in space, it will 

be powered by twin 
hybrid rocket engines, 
which use two 
propellants - one solid, 
the other gaseous or 
liquid. These are mixed 
together and tend to be less 
explosive than purely solid rocket 
fuel when they fail. In the case of Dream 
Chaser, the solid propellant is a rubbery 
material called ‘hydroxyl-terminated 
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nitrous oxide. Its engines are so 
powerful that, when docked with 
the ISS, Dream Chaser can raise the 
Space Station’s altitude, useful for 
avoiding pieces of space debris. 

Dream Chaser isa fairly modest 
spacecraft in terms of size; its 
wingspan is seven metres, 
compared to the 23.8-metre 
wingspan of the Space 

Shuttle. It will be capable of 
carrying over five tons of 
cargo into space before 
returning to Earth hours 
later, landing like an 
airplane onarunway. 
Expected to first launch 
sometime in 2018-2019, there 
will be two versions; the Dream 
Chaser Cargo System sports folding 
wings to allowitto fit into the cargo fairing 
rockets such as the Ariane 5, while the crewed 
Dream Chaser Space System will launch onan 





jodest in size 





polybutadiene’, while the gas propellant is Atlas V rocket to carry astronauts to the ISS. : 
What dreams are made of cee ] 
Dream Chaser's g 

Introducing one of the most sophisticated space vehicles ever built streamlined shape with £ 
upswept wings keeps 6 


Seven-strong crew Airlock 


Although Dream Chaser is 
capable of flying autonomously, 
it can also carry a crew of up to 
seven astronauts. 


Cargo carrier 


Over five tons of cargo for 


resupplying the ISS can 


crammed into Dream 


Chaser's hold. 
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The docking hatch allows astronauts 
or cargo to be transferred from 
Dream Chaser to the ISS. 


g-forces to below 1.5 


forthe entire fight. ——\ 


Landing wheels 
Dream Chaser’s landing 
be gear allows it to touch 

down on a runway just like 
an airplane. 


Hybrid rockets 

The hybrid rocket system 
uses non-toxic propellants 
for the first time in the 
history of space flight. 
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Simple hand gestures con be used to activate the Motorrad VISION NEXT 100's indicator lights while riding 





The rise of smart 
motorcycles 


BMW has unveiled a high-tech bike concept that is 


impossible to topple over 


redicting a future where most vehicles will 

be driverless, BMW hopes to still provide 

bikers witha thrilling, hands-on ride. To 
celebrate its centenary year, the company has 
unveiled the Motorrad VISION NEXT 100 concept, a 
high-tech bike designed for the digitally connected 
world ofthe future. 

While it may looka bit like something from Tron, 

the motorcycle does in fact take inspiration froma 
classic, as the black triangle frame isa subtle 


The bike BMW thinks you'll be 
riding three decades from now 


With no bearings or joints, the entire frame adjusts with a 
turn of the handlebars, changing the direction of the bike. 


Designed to look like a traditional BMW boxer engine, the 
fully electric power unit extends outwards when the bike 
is in motion. 


As well as providing wind protection, the visor also 
features an information display, which can be controlled 
by the rider's eye movements. 


The suit monitors the rider's body temperature, adjusting 
the level of heat accordingly, and vibrates to give 
navigation instructions. 


The variable tread of the tyres automatically adjusts to 
grip onto any road surface, whatever the conditions. 


Under its matte-black fabric cover, the frame is made 
from carbon fibre, and so are the seat and wings. 


reference to the R32, BMW’sfirst ever motorcycle, 
released in 1923. However, this new upgrade has 
some rather more sophisticated features on board, 
including self-balancing technology. If the bike is 
about to tip over it will automatically right itself, 
even when stationary, meaning the rider won't fall 
offand can dismount without the need to flick out 
astand. 

Thanks to this safety feature, BMW doesn’t 
foresee a need forriders to wear a helmet, instead 


If the rider looks down 
while wearing the 
visor, a map of their 
route will appear 


equipping them witha 
special visor thatactsasa digital 
companion. If theylook straight ahead, symbols 
suggesting their ideal banking angle and warning 
ofany upcoming hazards will appear in their field 
ofview, while ifthey look up, a rear-view function 
will activate, allowing them to see what's going on 
behind. The accompanying suit is also designed to 
enhance the riding experience, withaneck 
section that inflates for support when accelerating. 








BMW has also redesigned three 


Ore u ed 
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ride ina 
ete etel yr) 
Uli lalis 


Explore the depths in the DeepFlight 
Dragon that anyone can pilot 


ME ae oe ahs Cy 
S ME TEC TENCHU Eye OM CP Panes 

Meg tees acca e Tea) 
ec Reo UCR OCT eee Rage) 
between a submarine and quadcopter, with six 
POCO UM CREE nal een Nace RC oe 
underwater. The simple controls mean it operates 
just like a drone too, so anyone can pilot it without 
needing lengthy training. 

Mure lee Teese a itn eC MET en ied 
depth control, battery consumption and oxygen 
SOO R Ee R keh Rau esac bis BINA 
MUD OO one ee suircaeclaCoa eon ena) 
rai aM RCRD AHEM AMEE TOE 
cee eee R elec eI olan Oe aU Len 
SIGH Com OER Metis etooa ules clcaciel 
doa deleke-Veeleekue ies Cee eee he Coie 
cabin, and if you get into trouble, the sub’s positive 
buoyancy will cause it to automatically float back to 
Ei eTeesytsr(4o 

boliKe (oy sWantebui tannery ie nace net B21) 
butyou do need deep pockets. The craft is available 
EM e iL e Senin coe punlon metiaertsy 
Foo POMS CRC Ais beige (deh mee ete Catia 
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See tury 
Ce Raed 
Reece iy 
Dee ae) 


Dimensions: 5 x 1.9 x 1.1 metres 


Weight: 


Operating dept 
Cruising speed: 


Payload: 2 





BE une 
Paresh iene’ 
Pee trie 
Stu’ 
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We reveal the latest tech to help pursue 
lawbreakers, extinguish infernos and save lives 


aintaining lawand order can bea 
tough testso having top-notch 
technology to back you up is essential. 


Both the current and upcoming generation of 
oe AV eC HEC eee te lae die 
eee R Cac at em Miailog 
aiding in the pursuit of criminals, dampening 
flames or preserving life. 

From unmanned drones, to futuristic 
ambulances and high performance police 
Interceptors, the technology at the disposal of 
Tor nae ede RE ae Cus 
sophisticated. Take the Oshkosh Striker fire 
otshi om ee cline) Mee me ley Cace ck hob eed 
eo iletuloecb seco eeu lB ees acy 
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access blazing infernos. Ambulances are also 
being revamped with the aim to kit out the 
Nie Ruane EE] ec Ucn aawi eee 
poe T aU Leena eC Melle Bele )eyie Team ce) aCe (mesic L Le 
SIV TeTeye en ease e-rebieuleouauelelokelsae ile 
TDS BLL eters 

Vehicles such as the Striker put efficiency and 
quality above everything else, while in Dubai 
police supercars are seen as the way forward. 
In the United Arab Emirates’ largest city, 
everything is larger than life, and the police 
eee resale h ERC LL aan 
Rlectiee censor 

BW leC ATE oa crayon lec lalils 
eSag oe RCV RU SHC ICL ce eet) 


before. Unmanned aerial vehicles (UAVs) are 
already making an impactin the world of 
Oe eae eran eR ae REL e 
tracking offenders from the skies. The Stealth 
Pca a OETA Ute RUSH OU E NY 
OUR ReC eee B eee ose nel ag 
accessing both crowded areas and off-road 
UelecTe Cots teeta 

Allofthe emergency departments are finding 
ways to make the daily routine safer, simpler and 
more efficient. To see just how these new vehicles 
will revolutionise public safety, How It Works is 
Penta sani ceattea rant ces 
trucksand bikesavailable to the emergency 
aU eo USL SSH 


The ambulance size and design we see today only began in the 1970s. Before, ambulances were repurposed cars 
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Inside an ambulance — 


How the ambulances of the world are the safest 


and best equipped they've ever been 


The role of anambulance isn’t just to transport 
patients to hospital. Now, the vehicle must be 
capable of accessing remote areas and treating 
patients effectively on the go. Paramedics have 
the equipment to assess and treat the injured on 
the scene and while the vehicle is on the road. 
This gives the patient the best chance of survival 
even before entering the hospital ward. 
Current ambulances come fully loaded with 
defibrillators and can administrate oxygen and 
monitor the heart. The wheels and suspension 


The modern ambulance 


The medicines and equipment that 
paramedics have at their disposal 


Medical supplies 

All modern ambulances must 
contain everything a patient 
could need on a journey, from | 
medicine to defibrillators to 
breathing apparatus. 





The surfaces inside 
an ambulance are 
easy to clean for 
greater control of 
infection and spillage. 


_——— 
Interior | | 
—— 


Stretcher 
Stretchers are 
designed to. 
comfortably 
transport the 
patient from the 
scene to hospital 
and can be 
wheeled or carried. 


Chassis 


Modern chassis are constructed be both 
light and manoeuvrable by using a lining 


of felt to dampen vibrations. 






have also been improved to allow off-road routes 
to be taken if there is congestion on the journey 
to the hospital. The LifeBot 5 is one device that 
has taken mobile healthcare that step further. 
Developed by the US Army, its motto is ‘saving 
lives in real-time’ and the telemedicine system 
comes equipped witha live link to a doctor in the 
nearest hospital. This allows the hospital to 
make more accurate assessments of the patient's 
condition and to prepare the ward for any 
surgery that may be required. 


a 


Despite all the modern upgrades, reaching the 
hospital in the quickest time is still the key 
objective. Today’s vehicles come complete witha 
device that can change red traffic lights to green 
at certain intersections and use the best GPS and 
mapping systems available. These aids will 
prevent the motorist from driving recklessly and 
reduces shake and vibration from the road. This 
will enable more intricate and efficient 
treatments to be undertaken during the way to 
the hospital. 


Communication 


Ambulance staff communicate within the 
vehicle via hands-free audio links and panic 
buttons are fitted in case of emergency. 







Seating and safety belts 
Paramedics now have specially designed 
seatbelts that allow them to treat the 


Lights 

The bright flashing lights 
and piercing siren of an 
ambulance alert other 
drivers and pedestrians 
to its presence so they 
can quickly get out of 
the way 


Wireless 





equipment 
Treatment carried out 
in the ambulance is 
recorded to help 
medics operate 
accurately while on the 
road to the hospital. 


Computer 
system 

A ‘black box’ is 
installed on modern 
ambulances to 
record the driver's 
speed, handling, 
signalling and overall 
driving safety. 





patient while safely restrained. 
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Se CM eM nike tele 


Dre Ue RUT ral 
Interceptor the way forward for police cars 


Future police cars 


Meet the cars that will become part of an 
effective urban pursuit force 


Aswellas looking sleek from the outside, the turbo lag, meaning there is no hesitation when 
Interceptor is packed with state-of-the-art responding to an emergency call. This is part 
technology. The driver and passengers are ofa high-pressure direct-injection fuel system 
protected by the sturdy Ford SPACE (Side that makes the award-winning Ford 3.5-litre 
Protection And Cabin Enhancement), whichis _ EcoBoost engine as efficient as possible while 
both tough and comfortable. This system producing 365 horsepower (272 kilowatts). Ean ae) feel een cd 
comes complete with a modern type of air bag All this power would be pointless if it wasn’t Ca ie) eT 
that deploys between the passenger's head for the all-wheel-drive system (AWD) that oan bpical day. 
and the car window to give crucial protection upholds the Interceptor’s handling at high Tei CEU Reon oe 
inrollover collisions. speeds and in tough corners. Most carsin 

The Interceptor comes in two models: Sedan _ today’s market boast good power and 
and Utility. Both are formidable adversariesto handling, so what does the Interceptor have 
criminal activity with the Utility the slightly _ that civilian cars don’t? The answer lies in the 
larger model that can carry more equipment 220-amp alternator on board. Essentially a 
and technology for longer, drawn-out pursuits. huge power pack within the vehicle, it helps 
Both vehicles’ drivetrain is ideally suited to power all the gizmos an officer will require 
24-hour policing. The two turbochargers on ina day's policing, including radios, 
board maximise acceleration and minimise computers, video cameras and radar. 


Personal Safety Cooling system 
System EU Seu soap 
See Cre! Cement n Gece) 


dation -Le RoltTre l) 
err ecsee eeu 
eee anne ed 
Pere eee eta ey 
Ce ne aie 


fore mele are] 
SOS cec cas 
so strong that it can pass a 
ee oe sey 
(75mph) with flying colours. 











101° te Wheels 






) Re Nee cS 
Cates) 
Con Rg ane 
Reims 
Clee aod 


erence ee esters 
technology, the car’s 3.51 V6 
ra eee ee) 
ee tay 

Ses slenetes Seen etna eon 


gee aes 
Cee CC) 
Pre eee 
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The Interceptor uses tethers to strengthen door hinges when they need to be flung open in a chase or firefight 


Green policing 
on two wheels 


If an Interceptor isn't available, you 
can always hop on a motorcycle. As 
adept off road as it is on the streets, 
the Zero SP is quiet and exhaust 
free. Its electric powertrain gives it 
a top speed of 158 kilometres (98 
miles) per hour and a range of 286 
kilometres (178 miles) and it can 
recharge anywhere with a 
connection to the main grid. Its 
silence and lack of emissions mean 
the motorcycle can be used in tight 
situations such as compact city 
streets and dense pedestrian areas. 
Rather than go in all guns blazing, 
silent patrols offer an alternative 
solution to security and law 
enforcement. Its lightweight 
chassis and regenerative braking 
make it extremely manoeuvrable, 
allowing the bike to be 
inconspicuous and have the 
element of surprise when on the 
trail of a suspect. The Zero SP 
promotes a new way of policing 
that can undertake patrols 
effectively while being 
environmentally friendly at the 
same time. 


The Zero SP is developed by Zero 
Motorcycles and promises an 
electric, exhaust-free way of policing 





ele iu) 
Doors Baas sg 
Roeteseecstetcens Deca 
Cee tags een eee) 
en es eee 
Poses a ear) aceite) 
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Fire 
engines 


The Oshkosh Striker 
is a rough, tough fire 
truck coming to an 
airport near you 


Aviation fuel is extremely 
flammable so it is essential that a 
top-of-the-range fire engine is 
always on hand to fight the flames 
at airports across the globe. Enter 
the Oshkosh Striker. First 
produced in 2001, the vehicle had 
aa bit ofarevamp in 2010 and has 
now become the leading light in 
its class. Its combination of 
flame-smothering foam and quick 
acceleration make ita must at 
airports where smoke can choke a 
plane cabin in minutes, It has 
become so popular that it is used 
as the response vehicle of choice 
for US Air Force bases and even 
the White House. 

The Striker's powerful foam and 
water cannons anda rapid 
response time make ita powerful 
all-round firefighting machine. To 
achieve maximum acceleration, 
engineers removed unnecessary 
parts and replaced heavy 
materials with lighter ones for 
more speed. Small but vital 
additions such as all-wheel 
suspension, a high reach 
extendable turret andan 
intercooled engine make ita 
match for the strongest of 
infernos. Its simple control system 
combined with its high-visibility 
windows make it easy to runand 
service so the vehicle is always 
available to fight fire. 

There are three different models 
of Striker: the 4x4, 6x6 and 8x8. 
Each one is larger and better 
equipped than the last, butall can 
be deployed to race down the 
runway in the face of an airport 
fire. With extra terminals 
springing up at airports 
worldwide and a constant stream 
of planes travelling through them, 
the Striker has never been in 
higher demand. 
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Cameras 

To concentrate the water 
cannons on the epicentre 
of a fire, infrared cameras 
are used from the safety 
of the cabin. 


The Oshkosh Striker 


US company Oshkosh has packed all 
its technological expertise into this 
monster of a fire engine 


Hull-piercing cannon = 
There is the option to equip he Oshkosh 
with a 142cm (56in) long metal — 

“Snozzle” to puncture the hull, allowing | 
the foam to spray into the aircraft cabin. 













Cab 

Five people can clamber in 
but the Striker is so simple 
to use that it can be 
operated by one person. 





Foaming 


agent Firefighter 
The Striker comes protection 
equipped with The crew inside 
1,5901 (420ga) of are well 

foaming agent and _ protected by the 
11,3561 (3,000ga) —_—_ glass windscreen 
of water to that offers 


extinguish the 
toughest fires. 


panoramic views 
of huge infernos. 


Undertruck nozzles 
Fuel spills are a common 
issue in airports so six 
undertruck nozzles have 
been attached to spray 
foam 360 degrees. 
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Aviation fuel burns at a scorching 1,370°C [e,500°F] so fires con quickly engulf whole buildings with thick smoke 





Lightweight chassis 

It may weigh 44 tons, but the 
Oshkosh doesn’t hang about, as it 
is constructed out of custom- 
designed light materials. 





Engine 

The V8 engine powers both the 
drivetrain and the cannons and 
uses computers to adjust the 
power to different situations. 


Chemical tank 
As well as foam, the 
Striker holds high 
amounts of potassium 
bicarbonate to prevent 
oxidising reactions in 
the fire. 





Hop on the 
electric, exhaust- 
free police 
motorcycle 


Interview with Scot Harden, VP of Global 
Marketing for Zero Motorcycles 


What was the inspiration 
behind Zero? 
Our mission is to transform 
two-wheeled recreation and 
transportation through our 
innovative, high-tech 
motorcycles. We aspire to 

i provide all the attributes you 
normally expect from the motorcycling 
experience, the sense of adventure, thrill, 
freedom and personal fulfilment without any of 
the hassles associated with motorcycles. No 
heat, no vibration, no emissions and no sound. 


How will police forces around the world 
utilise it in their fleets? 

Over 50 agencies in the US are using Zero 
motorcycles as well as several high-profile 
international police/security organisations, 
including Hong Kong and Colombia. Our 
motorcycles are used for routine patrol, crowd 
control, event and private security efforts. The 
stealth nature of our products allows authorities 
to arrive on the scene of criminal activity 
unannounced and to patrol areas otherwise 
inaccessible. The low maintenance costs 
provides additional motivation to adopt our 
products. Currently Zero-fleet motorcycles are 
being used by police, military, university campus, 
fire departments and private security forces. 


What technology is used in the Zero? 

We use a proprietary drive train that has been 
developed internally by Zero and features the 
most eneray-dense battery system available 
today, Our ZForce powertrain consists of three 
main components; the motor, battery and 
controller. Battery technology is based on 
lithium-ion chemistry. 





lex Pang: AeroVironment, Inc 





es; Wildman 





(© Ford: Zero Motorcycles; Alex MacNaughton Photography 
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transformed 


































Travel 2025 


Mee eta 
Ajrenetlecccliiae ena leo 
gaming anymore 


Future of food 
What needs to be done to 3D 
printa pizza? 


Future of cinema 
How will theatres adapt to keep 
us entertained? 


CaN BUR te) og 
Shops will become more high 
tech to match online shopping 


Travel 2050 
Discover what your holiday will 
look like in the year 2025 
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Flexible future of 
Trias dutty 

Roll up your smartphone and 
simply putit in your pocket! 
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Jack White has on app that plays a 360-degree video of one of his gigs when viewed using Google Cardboard 


Flee ele LC) 
ea ener 





“What's News” VK.COM/WSNWS 




















PENM3 NODTOTOBMNA FPYNNA "What's News” VK.COM/WSNWS 


Social media giant Facebook bought Oculus Rift for $2 billion [£1.3 billion) in 20714 
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How does the Oculus 
headset put you inside 
Peeled 





External sensor 
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c High-resolution display 
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the Samsung Galaxy Note 3 and sits a 
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The British Army is attracting new recruits by giving them o taster of army life using VR headsets 
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Virtual 
treatments 
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California's Institute for Creative 
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How are you using VR to treat post-traumatic 
stress disorder (PTSD)? 

One of the typical treatments for PTSD is 
Paes Rte ee CMEC Sue en) 
close their eyes and imagine the trauma that they 
Were ert eee inns icnent) 
Cee ok oer an TREC nar 
et AE eT ea) cea Cea 
Sr AU Us RU eee CeCe RL 
Ce ae nee Cum a 
eee ete ee Nae cen) 
Se RU ae RLU Rea 
deliver this previous imagination-only approach in 
 Eesyi- an immersive virtual reality simulation. 

plan for complex VOC Roe ae ue OLR ey 
oe) that represent a diverse range of experiences, and 
virtual image of the Pee UCU 
“.) example to change the time of day or introduce 
Se ea ne orc ACER 
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to essentially mess up with a digital character 
eee ae ey 


Are there limitations of the tech in this field? 
The limitations right now have really diminished. | 
SECM ea aun UGE aceon ian 
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phenomenal. So the limits right now are the limits. 
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DID YOU KNOW? VR could keep astronauts from feeling homesick on long space missions by providing virtual Earth experiences 





Virtual reality 
helps astronauts 
train for life and 

work in space 





5 Visualising designs in 
Engineering oe 


3D using virtual reality 
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like from 2D illustrations. With virtual reality, PaO Crue ocean oem ey 
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enable engineers 
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FUTURE OF 


Why you'll be eating lab-grown burgers, 
3D-printed pizzas & insects 






















nthe year 2050, dining at your favourite you'll notice that all of the usual dishes are still 
restaurantis likely to bean altogether different there, but with a few unusual twists thrown in. 
experience. After being greeted by your robot For your starter, you'll tuck into a delicious 


waiter and taken to your table ona hoverboard, Caesar salad containing protein-rich 
you will be left to peruse the holographicmenuat —mealworms instead of chicken, and sprinkled 
your leisure. As youscroll through the options, with crunchy croutons made using cricket flour. 





Creepy-crawly protein 
Munching on mealworms and crickets is a 
healthier and more environmentally friendly 
alternative to eating beef or chicken. 


3D-printed meals 
Preparing your dinner is 
about to get a whole lot 
easier thanks to the 3D 
printed food revolution. 







Genetically 
modified veg 

ys Fruit and veggies can be 
the making of your favourite tweaked to make them 
meals, as scientists can grow easier to grow, and more 
meat from cells. nutritious and tastier too. 


Lab-grown meat 
No animals need to be harmed in 
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DID YOU KNOW? Producing 500g [ilb) of beef uses 2,000 times as much water as producing the same amount of cricket meat 





Next, your android waiter 2.0 will bring over the 
mouth-watering main course; a meaty burger 
that has been grown ina Petri dish, garnished 
with crisp lettuce freshly picked from an 
underground farm and juicy tomato that has 
been genetically modified to contain extra 
vitamins. Then, ifyou still have room for dessert, 
you'll be able to choose froma range of sweet 
treats that have been designed ona computer 
and printed directly onto the plate. 

These unconventional dishes may seem 
bizarre and perhaps stomach-churning to us 
now, butin the future they could help to solvea 
global food crisis. Over the next 35 years, the 
world’s population is expected to exceed nine 
billion, meaning an extra two billion hungry 
mouths to feed. To fulfil this demand, the 
amount of food we grow will need to increase by 
70 per cent, but with most of the planet’s 
farmland already being used, and billions ofits 
inhabitants already undernourished, this is 
going to bea major challenge. 

Today's global food industry is already 
unsustainable, with agriculture responsible for 
almosta third ofall human-caused greenhouse 
gas emissions, From the nitrous oxide given off by 


crop fertilisers, to the carbon dioxide generated as 
the produce is transported around the world, these 
gases are trapping heat in theatmosphereand 
gradually warming the surface. In turn, the 
changing climate makes it difficult to grow more 
crops, and so scientists will need to step in more 
and more to help. By genetically modifying the 
plants we grow, not only can the more vulnerable 
species be made able to withstand harsher, 
inhospitable environments, but the hardier 
species that can survive could also be made more 
nutritious to ensure weall get the vitamins and 
minerals we need. 

Although growing fruit and vegetables 
generates a great deal of greenhouse gas, itis 
livestock production that is the biggest 
contributor to global emissions. It is estimated 
that producing one 230-gram (half-pound) 
hamburger generates the same amount of 
greenhouse gasas driving a typical passenger car 
for16 kilometres (ten miles). Among these gasses 
ismethane, which is about 25 times more effective 
at warming the planet than carbon dioxide. As 
demand for meat grows, so does the list of 
negative consequences for our planet, so 
something needs to be done very soon. 


Ofcourse, one simple solution to the problem is 
to eat less meat, but fora mostly carnivorous global 
population that gets through around 285 million 
tons of the stuff each year, this ideais unlikely to 
catch on. Therefore, tasty alternatives need to be 
found, and our idea of what we consider to be meat 
may need to change too. For example, the beefand 
chicken in your burgers and burritos could soon be 
swapped for crickets and locusts, or perhaps be 
grownina lab instead of ona farm. 

In fact, even traditional farms as we know 
them are likely to look completely different in 
just a few decades time. Gone will be the days of 
farmers having to drive tractors and milk the 
cows themselves, as autonomous machines are 
already starting to take over and make the 
industry more efficient. 

Once these eco-friendly and sustainable foods 
have been harvested, we mightnot recognise the 
products that hit the shelves. Instead of packets 
and tins, your local supermarket will sell 
ingredients in cartridges that you can load into 
your 3D printer at home. Then, witha press ofa 
button, you can sit back and relax while the 
machine buildsa delicious dish - layer by layer- 
that issure to impress your dinner party guests. 


Pizza printing |<) fee) 









How 3D printers can cook eo Fi 
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soon be able to make a meal from scratch simply by choosing a 
erent te heehee tule te) 
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savoury and sweet foods, is due to go on sale in 2016. Once you 
select your desired recipe, Foodini will tell you which ingredients 
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benefiting you at home, 3D printing food could also help to 
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ingredients with a 30-year shelf life, meaning it could someday 
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lixing the ingredients 
The powdered dough mix, 
tomato and protein mix are 
combined with oil and water to. 
create the basic ingredients. 








[2=*=*7 {top with cheese 
Add the sauce 


A protein mixture that 
resembles cheese is then 
layered on to create the 
finished pizza. 
7 = The tomato sauce is 


the next layer to be 
added through the 
spray valve system. 






Print the base 
‘The dough is printed 


first, with the wet mixture 
layered directly onto a hot 


plate and cooked. 


ST aoe Rue ae a eee a 
Renn eter en ssc 
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Lab-grown meat 


Discover how scientists can create - How to 
burgers without harming cows build a 


Global demand for meat is expected to increase 
by more than two-thirds in the next 40 years, and 
weare already struggling to cope. Current 
methods for producing meat are not very 
sustainable, as huge amounts of land and other 
resources are needed to rear livestock. As these 
assets get harder to come by, the price of meat will 
continue to rise, meaning that it could soon 
become an unaffordable luxury. The meat 
industry is also having a negative environmental 
impact on the planet, with the animals releasing 
huge amounts of methane, a greenhouse gas that 
contributes to global warming. 

Manyscientists believe the solution to this 
looming problem is cultured meat grown in the 
lab, anda team from Maastricht University in the 
Netherlands has already perfected the technique. 
By extracting stem cells froma living cow they 
have been able to grow muscle tissue and turn it 
into a burger that tastesa lot like the real thing. 
The cells taken from just one cow could produce 
175 million burgers, which would normally 
require meat from 440,000 cows; better still, the 
animal remains unharmed. It’s not just beef that 
can be grown this way either, as the method can 
easily be replicated to create chicken, pork and 
other meats too. 

Before you start planning your lab-grown 
barbecue though, scientists believe it could be 
another ten to 20 years before the meat becomes 
commercially available. It currently costs around 
€250,000 (£185,000 or $280,000) to produce a single 
burger, but as the method is refined, cultured 
meat could become cheaper than the 
conventional kind grown on farms by 2035. 











































“Cells taken from 
just one cow 
could produce 175 
million burgers” 


The cheese and meat in an 
Impossible Burger are made 
entirely from plants 





» Turning plants into beef 


| Ifalab-grown burger doesn't get your mouth _ vitamins and fats - also from plants - to 
S) watering, then maybe one made entirely from create the three main components of meat; 
plants will. Impossible Foods has discovereda muscle, connective tissue and fat. When 


way to make meat and cheese without these are combined in the right proportions, 
animals, yet still promise that it will ‘delight they form a burger that looks, tastes and 
and nourish the most discerning meat lover’. _smells just like ground beef. The Impossible 
From plants such as greens, grains and Burgers are already available in four 
. beans, they extract proteins that have a restaurants in the US, and will be followed 
Noaieg meaty texture, flavour or aroma. The by a range of other meats and dairy 
a sp proteins are then mixed with amino acids, _ products, all made entirely from plants. 
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Impossible Burgers contain haem, a substance found on bean plant roots that looks and tastes like blood 








layered together to form a 
normal sized burger. 



















Nurture the cells 

Individual muscle cells are 
removed and nurtured in the lab. 
Each one divides multiple times to 
produce many more cells. 


Harvest the 

tissue 
A sample of muscle 
tissue is harvested from 
the cow ina harmless 
procedure and cut into 
tiny pieces so the 
muscle fibres and cells 
can be separated. 











Form muscle fibres 
The cells naturally merge 
together to form myotubes - 
developing muscle fibres that are 
less than 0.3mm (0.0lin) in length, 








Add some bulk 
The myotubes are placed in a ring 
and begin to put on bulk, growing into 
a small strand of muscle tissue. 


{© Science Photo Library; Corbis: Thinkstock: Dreamstime 






Layer the tissue 
It takes approximately 
20,000 of these strands 


Farms of 
tomorrow 


How technology will 
help farmers cope with 
increasing demand 


With more and more mouths to 
feed, farms need to be runas 
efficiently as possible in order to 
keep up with demand. Asa result, 
many farmers are turning to new 
technologies for help, using 
precision systems to make many of 
their day-to-day tasks easier. 

For example, GPS is already 
widely used to ensure tractors are 
driven in straight lines across fields, 
preventing them from overlapping 
their routes. This helps to save fuel, 
fertiliser and seed that would 
otherwise be wastedas the farmer 
covers the same piece of land again 
and again. However, in the not-so- 
distant future, farmers may not need 
to drive their tractors at all, with 
several self-driving machines 
currently in development. Other 
farming machinery isalso becoming 
increasingly hi-tech, with robots 
being used to feedand milk 
livestock more efficiently. 

Although some of this cutting- 
edge tech is unaffordable for many 
farmers at the moment, the farms of 
the future are likely to be incredibly 
large-scale businesses, which need 
to be almost entirely automated in 
order to be cost-effective. So instead 
of mucking out the pigs and feeding 
the cows, future farmers will be 
able to sit back and let the machines 
do all the hard work, while they 
control everything from their 
smartphone or tablet. 
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Driverless tractors 
Although not yet commercially available, 
many self-driving tractors are in development. 
The Autonomous Tractor Company's Spirit 
tractor will navigate by sensing signals 
from a series of transponders set up 
around the field and will use radar to 
detect any obstacles i 


uss 


Smartphones and tablets oq Ng 
There's a whole host of apps that can _ 
help farmers run their farms more te 
effectively. From checking the 2 
weather to registering livestock, a Electronic tags 
lot of tasks can be made easier Attaching electronic tags 
using digital devices such as 2 to livestock can help 
smartphones and tablets. farmers keep track of 
their animals’ health and 
habits as they send and 
receive signals from 
machines and alert the 
farmer if individual 
animals are not being fed 
or milked enough. 
-* 











Farm 
management 
software 
Tech-savvy farmers 
can manage many 
aspects of their farm 
from their computer, 
using software to map 
their land, calculate the 
resources they need 
and monitor their 
livestock, This can help 
decrease wastage and 
boost productivity, 
making the business 
more profitable. 
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Most of the sugar beet, corn and soybean crops growing in the US have been genetically engineered 


“GPS is already widely 
used to ensure tractors 
are:driven in straight lines” 


Automated 
milking machines 
Robot milking machines 
allow cows to be milked 
whenever they want, 
so the farmer doesn't 
have to herd them up 
at 5am. The machine 
knows which cow is 
which and 
automatically 
attaches the milking 
teats when they enter 
the booth. 


Robot livestock 
feeders 
Automated feed pushers 
can sweep the 
livestock’s feed towards 
them when they are 
lined up at the feed 

sia fence, ensuring that they 
have a constant supply 

| of food and giving the 

farmer one less 
back-breaking task to do. 


Sty 


Aerial drones 
Drones can be used to 
produce accurate maps 
of farmland to calculate 
fertiliser needs, give 
farmers a bird's eye view of 
their land to help them 
monitor crops and even scare 
See) away pests before they can 
damage the yield. 











Genetically 
modified crops 


Growing enough food for the rapidly growing 
population of a planet with a changing climate 
would be more or less impossible without genetic 
engineering. By modifying the genes of plants, new 
crops can be created that are resistant to weed-killing 

herbicides and disease-causing pests, or are able to grow in 
inhospitable conditions. These genetically modified organisms 
(GMOs) can also be created to produce fruit and vegetables that 
stay ripe for longer, reducing wastage, or even contain more of the 
vitamins we need to stay healthy. Although there is some 
controversy surrounding GMOs, there is currently no evidence that 
they are bad for your health; people and livestock have been 
consuming them for decades with no ill effects. 


How to genetically 
modify a plant 


The simple steps for creating a 
modified food crop 


Extract DNA 
DNA with the desired 
trait, such as herbicide 
\\ resistance, is extracted from 
\ its host organism, such as a 
species of bacteria. 





Isolate the 

gene 
The specific gene is, 
then isolated and 
can be cloned to. 
make additional 
copies for modifying 
more plant cells. 


‘Transfer the 
gene 
The gene is then 
inserted into the plant 
cell using one of two 
methods; a gene gun 


or an agrobacterium. ~~] 


HOD 


Da, 


Method one 
Gene guns use a 
high-pressure gas to 







fire metal particles 
coated with the gene 
into the plant cell. 


| 





Creating 
plantlets 
Method The modified 

two cells are cultured 
The gene is inserted in the lab so that 
into a bacterium they divide and 
called an regenerate into 
agrobacterium, plantlets. 
which smuggles it 
into the plant cell. 

a 


Plant breeding 
The new genetically 
modified plant can be 
bred to create a new crop 
that passes the gene to 
new generations. 
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How the movie 
industry is 
poised to fight 
declining sales 
with virtual 
reality tech 
& more 


ver the last century, the film industry 

has grown exponentially from its 

humble beginnings, expanding across 
the globe to upward of 135,000 movie screens, 
and become an integral part of modern culture. 
But behind the scenes, all is not well. Anguished 
industry leaders are wringing their hands overa 
worrying new trend: people aren't going to the 
movies as muchas they used to. 

Box office revenues fell by five per cent 
between 2073 and 2014 in North America— 
declines that meant some of the country’s 
premier cinema chains’ profits plummeted by 
more than 50 per cent. The Motion Picture 
Association of America found that between 2012 
and 2013, the number of 18-to-24-year-olds 
classed as ‘frequent moviegoers’ fell by 17 per 
cent, with the 12-to-17 age bracket dropping by 13 
per cent. These groups have traditionally been 
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relied upon to come through the doors week 
after week and empty their wallets over films 
and snacks. 

For today’s teenagers, the allure of the silver 
screen is just not what it was for their parents 
and grandparents. Gone are the days when the 
whole community would descend on the 
picturehouse ofa Friday evening, eager to catch 
the latest release. 

The ubiquity ofsmartphones, tablets and 
laptops, along with the proliferation of on- 
demand screening services, mean the next 
movie is seldom more thana couple of clicks 
away. In rich countries, families have the means 
to create convincingly cinematic experiences in 
the comfort of their own homes with huge 
flatscreens and surround sound systems. 

Butlike any good action hero, the motion- 
picture industry is fighting back. On multiple 


fronts, creators are pushing cutting-edge cinema 
technology toa place that’s simply unattainable 
in the home, to add extra facets to the movie- 
going experience and motivate people to leave 
the house and head for the movie theatre. 

One obvious tack is: bigger and better. 
Covering the bigger angle is IMAX- cinemas 
with giant, immersive, field-filling screens that 
swallow audiences into the action. After the 
technology was debuted during the 1970 world’s 
fair, IMAX went public in 1994 and began its 
romance with Hollywood, pioneering a way to 
digitally remaster film for its humongous curved 
screens. Today, there are over 800 IMAX screens 
across the globe, many housed within 
traditional cinema multiplexes, and they're as 
popularas ever. 

As for “better”, the laser-projection revolution is 
now upon us. For almost 100 years, film projectors 
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DID YOU KNOW? An IMAX projector weighs over 1,800kg [3,970lb) — the equivalent of a family car! 








How RealD 3D works 


RealD is the most widely used technology for watching 3D films at the cinema 


Stereoscopic capture 

The brain perceives depth and 
distance by merging images from 
each eye. In 3D filmmaking, special 
cameras capture two side-by-side 
images to simulate the perspectives 
ofa viewer's left and right eye. 


have used electric-arc lamps - first carbon, then 
xenon ~as their lightsources. Ina traditional film 
projector, light passes through the 35-millimetre 
film anda magnifying lens to project the image 
onto the screen. Over the last decade or so, more 
and more cinemas have been switching to digital 
projectors asa way to cut costs and improve 
picture quality at the same time. 

Digital projectors continue to use xenon arc 
lamps, buta series of prisms and filters splits it 
into its constituent colours -red, blue and green 
-and directs eachat one ofa trio of spatial light 
modulator (SLM) chips. These measure just a few 
centimetres across, but split the light into 
millions of tiny beams, one for each pixel in the 
frame, according to the digital movie file, before it 
passes through the projector optics. 

The digital setup slashes distribution costs 
~hard drives are much easier to ship than bulky 


‘Sequential projection 

Left and right eye images are 
beamed sequentially at a rate of 144 
frames per second through a single 
digital projector, with each passing 
through a circularly polarising 
light filter of opposite handedness. 


Silver screen 
perfectly maintains the 
toward the audience. 


reels of film-and enablesa pristine image to be 
projected over and over again without ever 
scratching or losing clarity. Today, over 80 per 
cent of the world’s cinemas have converted to 
digital, but some film aficionados complain the 
format loses 35-millimetre film’s rich contrasts 
between lightand shadow. 

Enter laser projectors. The new kid on the block 
-which made its commercial debut in 2012 
~might finally be the holy grail of film projection. 
Itworks just like a digital projector, but uses 
individual red, blue and green laser light sources 
in place of the xenon lamp. Its pictures have 
unparalleled sharpness and superior colour 
range; finally something to rival the vibrancy and 
beauty of high-quality film stock. Not only that, 
but laser projectors also produce images about 
twiceas bright as bulb projectors andare 
extremely efficient, potentially lasting for ten 


Aspecial screen embedded 
with silver (or other metallic) dust 


polarisation of each image when it 
reflects the projected light back 


“The industry is 
pushing cutting- 
edge technology 
to a place that’s 
simply unattainable 
inthe home" 


Special specs 
‘ealD glasses are fitted witha 
pair of oppositely handed circular 
polarisation filters, which allow 
each eye to view only its intended 
frames. This creates the impression 





of depth in the picture, 


yearsin commercial use - a giganticimprovement 
on the operating life ofa xenon bulb, which is 
typically between 500 and 2,000 hours. 

Ofcourse, improvements in lumens and 
contrasts may be all well and good for film 
connoisseurs, but they're unlikely to tempt the 
average 15-year-old through the door. To snare 
them, cinemasare looking to augment the 
experience of going toa film. Emerging 4D 
cinemas offer interactive encounters that blur the 
line between cinema and amusement park; 3D 
film technology is much improved, and ambitious 
studios like DreamWorks are even seriously 
pursuing futuristic plans to marry virtual reality 
with film. 

The next five years are set to see the swiftest 
and most significant technological advances in 
the history of motion pictures, coming soon toa 
cinema near you! 
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How virtual 
reality will 
transform 
cinema 


Step into your own private 
movie theatre, or even into 
the movie itself! 


DreamWorks - the production company 
responsible for animation blockbusters like 
Kung Fu Panda, Madagascarand How To Train 
Your Dragon — is developing technology that 
will take audiences right into the heart of its 
fantastical worlds. Its innovative new format - 
dubbed ‘Super Cinema’ - expands the film 
frame from its current limited screen 
dimensions into a fully immersive 360-degree 
swathe, with the viewer at the centre. The idea 
is that when this is combined with virtual 
reality (VR) headsets such as Oculus Rift or Gear 
VR - special goggles that allow wearers to see 
simulated 3D worlds - viewers will be able to 
turn their gaze in any direction, to whichever 
part of the scene captures their attention. 

Computer graphics are created by one of two 
means - real-time rendering or pre-rendering. 
Real-time rendering is used heavily in other 
interactive experiences like videogames; the 
game decides which frame to draw depending 
on which way the player looks. Unfortunately, 
this isa time-consuming process, and with 
graphics as complex as today’s CGI animations, 
this method would slow the frame rate to the 
point where the viewer start to see the still 
images switching or the film stalling altogether. 
Pre-rendering - where each possible view is 
already drawn and ready to load - makes the 
process significantly faster and the quality of 
the experience much smoother. 

There are some downsides, though. Each 
360-degree film would need to include all 
possible views of each frame, bumping up file 
sizes and production times astronomically. 
Super Cinema would also lack positional 
tracking - the ability to make minor 
geometrical adjustments to the image 
depending on howa person tilts their head -— 
and wouldn't account for person-to-person 
variations in interpupillary distance (the 
distance between the eyes), which could make 
the film disorienting for some viewers. 

Key to the success of Super Cinema willbea 
quality virtual-reality headset. Very few are 
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Head mount 
Adjustable elastic 
head strap and soft, 
padded eye plate for 
precise fit and 
customisable 
comfort. 


External 
positional 
tracker unit 
Placed facing the 
wearer, this tracks 
the position of 
their head in 3D 
space using 


infrared sensors. 1 








Motherboard 
The brains of the 
operation; includes a 
six-axis accelerometer, 
gyroscope and 
magnetometer that take 
positional readings 1,000 
times per second. 


Oculus 
Rift DK2 
What makes this 


ultimate creator 
of worlds tick? 


Screen 

Front panel from a Samsung 
Galaxy Note 3; a 14.5cm 
(5.7in) super-AMOLED 
display that delivers 
960x1080 pixels to each eye. 


“Super Cinema 
expands the film 
frame into a 
fully immersive 
360° swath” 


actually available to consumers just yet, but the 
market looks set to be flooded with offerings in 
the next couple of years. Top of every 
technophile’s wish list is the Oculus Rift, whose 
creators are also pursuing the idea of VR 
cinema, albeit a little differently. The most 
recent developer version of the headset runsa 
‘game’ that allows wearers to recreate the 
moviegoing experience - including picking 
seats, looking around the theatre and watching 
the film ona huge screen ina choice of 2D and 
3D - wherever the headset is worn -at home, on 
the bus orin class... 


Tracker 

control board 
Includes a CMOS image 
sensor, crystal oscillator 
and webcam controller. 


Tracker stand 

Articulated with 
several joints in order 
to get the perfect angle 
on the headset wearer. 


Infrared 
filter 
Allows only infrared 
light to enter into 
the camera. 


Lens assembly 

Fitted with a wide-angle 
lens that allows the camera 
to see as much as possible 
of the headset at any time. 
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Facebook bought Oculus in 2014 for £1.3bn ($2bn), aiming to bring it to medicine, education and communication 





 _&, External hood 
Covered by a web of 40 
infrared LEDs whose 


movement is tracked by 
the external IR unit. 















Interchangeable 
lenses 

Unit ships with two 
additional sets of lenses 
with varying focal 
lengths, to allow for 
users with differing 
eyesight prescriptions. 


Beyond 3D: 


Introducing the fourth dimension 


Forthose eager to feel even closer to the action, 
4D cinemas combine the visual richness of 3D 
film with physical and tactile sensations - 
flashing lights, air jets, water sprays, scents, 
smoke, chair movements and more - that sync 
with and enhance the on-screen drama. 

Seats are grouped in small clusters anda 
large air compressor located behind the 


Sound system 
Standard 5.1 surround sound 
speaker system, augmented by 







ceiling speakers to offer directional 
“voice of god” moments. 








Tickle stick 
Activated by air jets in the chairs ~ 
designed to make audiences jump out 
of their skins during spider scenes! 





Vibrating pads 

Produce tactile sensations to 
heighten the drama - for example, 
a deep rumbling to accompany an 
avalanche beginning to roll. 


Hall effects 
Includes bubbles, mist, 
aromas, strobe lighting, 
and even fire! 


auditorium drives their movements, which are 
pre-programmed, along with other effects, for 
each film. Some theatres are even touting 
experiences labelled ‘5D’, ‘6D’ and up, but 
unfortunately, that’s little more thana 
marketing ploy - with each individual physical 
effect added to the screening being classed as its 
own extra ‘dimension’. 


Moveable racks 

Can move chairs up and down, 
side to side and tip forward, 
backward and sideways to 
mirror the on-screen action. 





Effects jets 
Water and air jets intensify 
scenes with wind, rain, blood 


and guts, or speed. 
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a IMAX technology Seating 

Steeply racked so that even 

nsi e IMAX cinemas display gigantic images children's views are 
with incredible resolution, for a unobstructed, and people can 


completely immersive experience gaze up and down as in real life. 


Audio system SS ee 
Six-channel sound system 
directs 12,000 watts of _ 


sound out of thousands of — 
WatchinganIMAX movie is without _ tiny holes across the al 
question one of the most arresting Sate screen “ 
film experiences in the world. 
Invented in Canada in 1970, by the 
end of 2013 there were 837 IMAX 
theatres in 57 countries across the 
world. Its defining feature is 
humongous screens - so large that 
the images completely fill the 
viewer's field of vision, giving them 
a feeling ofimmersion so strong 
that some even feel motion sickness 
during especially dynamicscenes! 














W 






Projection | 
soe] 





Projector 


OMNIMAX dome 
Hemispherical dome made of metal and coated 
with highly reflective white paint wraps the 
entire audience in larger-than-life images. 
























































Projector 





Screen 


Flat IMAX 
Uses a silver-coated flat screen that reflects 
light more intensely than a white screen. 


es 


i Pri Tiit 
Screen tla 








Equal toa 
seven-storey 
building 





Dwarfs a Film format 
standard 15/70 - 70mm (2.8in) film with 15 
|) ee, | 
size about ten times that of standard 35mm 


perforations per frame - results in a frame 
zn film, giving IMAX movies incredible clarity. 











35mm frame 


O66 
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> Google's “Cardboard” VR headset is a wearable cardboard frame with o slot for your smartphone — and it works! 








IMAX 3D 


= 
- Viewers wear glasses 
with lenses that 
> * produce 3D 


vision. 





Objective Light 


yn beam 





\¢ 
pla 





Imag 


Ca 17th century 

The ‘magic lantern‘ was the first system 
resembling modern projectors. They used 
candles or oil lanterns as light sources. 


Laser multiplexes 
of the future 


Aswitch from bulb 
projectors to laser projectors 
would open up the 
possibility of all the screens 
ina multiplex cinema being 
fed by one light source. A 
centrally located ‘light farm’ 
would host racks of high- 
powered red, green and blue 
lasers connected to a single 
power supply and cooled by 
liquids circulating from the 
cinema’s rooftop HVAC 
system. Light would travel to 
each auditorium’s projector 
head - fitted with the spatial 
light modulators and optics 
to create the moving images 


Projector head 
Light travels through the 
projector heads to 

create moving images. 


Light farm 
Acentrally located ‘light farm’ 
would house racks of red, green 
and blue lasers. 


Projected 
image 


Wheels 
held the 
film and 
made it 
move 

e forward. 
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and focus them onto the 
screen -via armoured 
fibre-optic cables in the 
walls of the theatre. 

In this setup, the laser 
light farm would be 
responsible for simultaneous 
screenings of different 
movies in each auditorium. 
The cinema‘s running costs 
could be dramatically 
reduced since there would 
no longer bea need for 
dedicated projection booths, 
and the projectors and light 
farm could even be 
controlled by off-site 
networked operators. 


HVAC cooling 









system 

Lasers are hooked up to 
a single power supply 
and cooled by liquids. 


The first projection systems 
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The Lumiére brothers invented a projector 
that took its mechanical inspiration from a 


sewing machine, and presented i 





Paris. 


£Q) Handle to 
move the 
film forward, 
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1932 


The rise of colour cinema. Technicolor cameras 


superimpose three films in red, blue and green 
to deliver full-colour spectrum images. 
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One laser light farm 
could power many 
simultaneous 
screenings of 
different movies 
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‘The Dandy Lab is 
testing interactive 
information 
screens and smart 
footfall counters 


How will 
we shop? 


From robot shop assistants to virtual fitting 
rooms, this tech will revolutionise retail 





here is no doubt that the internet has 

changed the way we shop, with many 

people preferring to click and buy from 
the comfort of their own homes instead of 
venturing out to browse the local stores. The 
convenience of not having to deal with bustling 
queues or lug your purchases around is no 
doubt very appealing, but there are huge 
benefits for the retailers too. 

As people peruse their products online, 

companies can collect lots of useful data about 


them by way of cookies. These simple text 
files are downloaded onto your computer 
when you visit a website and store information 
about which products you looked at there. The 
cookies can then be accessed by the retail 
company, enabling them to target you with 
adverts based on your preferences, so you will 
be more likely to take notice. This personalised 
service often helps to boost sales, but it isn’t 
something the stores on the high street can 
take advantage of. 


Lighting the way How Philips’ system can help you navigate the aisles 


eee 


< 
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With many stores struggling to compete, 
some clever innovators are developing new 
technologies that can help them. The Dandy 
Lab, a menswear and lifestyle outlet in London, 
is providing a testing ground, enabling 
companies to try out their ideas on real-life 





Emit the signal 


When you enter the store, the light fixture above you emits a 


unique identification code. 


Plan a route 


An app on your phone plots the most efficient route to 


the products on your shopping list. 
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Find your location 


Your smartphone's camera receives the code telling it exactly 


where you are in the store. 


Get the deals 





As you walk down an aisle, the lights above send discount 


codes for the nearby products to your phone. 
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Amazon has opened a bookstore in Seattle, with online reviews shown next to the books on the shelves 








customers. “At the moment there isa lot of tech 
for online shops, but there is nothing really 
happening in the brick and mortar 
environment,” says co-founder Julija 
Bainiaksina. “We wanted to see how we can 
integrate technology in-store and make the 
shopping journey from online to offline seamless 
and more convenient for the customer.” 

The ‘clothes-store meets retail technology lab’ 
is currently trialling several new methods for 
enhancing the shopping experience. These 
include smart mannequins that can send 
information about the clothes they are wearing 
to the customers’ phones, anda mobile payment 
app that enables you to use your phone to scana 
product's barcode, pay for itand take it home 
without having to queue at all. The shop is also 
attempting to replicate online ‘cookie’ 
technology with a smart loyalty card scheme that 
helps shop assistants provide a more 
personalised service. “We give every single 
customer a loyalty card containing an RFID 
{radio-frequency identification] chip, and at the 
door we have an RFID reader,” says Julija. “Once 
the customer comes back to the shop, we 
instantly receive information about what they 
bought, what they like and so on. This gives our 
sales staff a better understanding of the 
customer, so they can recommend products 
based on their previous purchases.” 

For Julija, using this new technology is not 
about competing with online retailers but 
helping online and offline shopping to 
complement each other. “For physical shops, the 
main benefit is the ability to showcase their 
products and provide an experience,” she 
explains. “What we found out is that a lot of 
people come to the shop just to try on the 
products, touch them, feel them, and see if they 
really want them, and then they go home and 
buy them online. Alternatively, they might do 
research online, and then come into the shop to 
try something onand buy it. So both of those 
channels - online and offline - need to work with 
each other. The technology should somehow fuse 
them together to provide one seamless shopping 
experience for the customer.” 

In the future, it could be that shops simply 
become showrooms, stocking tester products for 
you to try before you purchase them via 
interactive display screens. Alternatively you 
may not need to visit the shop atall, instead 
using a virtual reality helmet to browse and even 
interact with the products before you part with 
your cash. In the meantime though, there are 
plenty of changes already appearing on the high 
street. From Bluetooth beacons that help you bag 
a bargain to augmented reality mirrors that let 
you try on clothes without getting changed; a trip 
to the mall is about to get a lot more high-tech. 


“Smart mannequins can send 
information about the clothes they are 
wearing to the customers’ phones” 












Beacon bargains 


Everyone loves a bargain, and thanks to anew 
retail technology, they are becoming easier than 
ever to find. Devices called beacons are small 
Bluetooth transmitters that can be installed in 
shops and communicate with smartphones of 
passers-by. Already being used on London's 
Regent Street, the beacons can send exclusive 
deals to an app on your phone when you walk 
past a shop, encouraging you to step inside and 
snap up the offer. 


The growth of 
virtual reality 
will enable you 
to explore 
shops from the 
comfort of 
your home 





NRC eg 
un em eens 
the inner workings of its cars 


While these beacons can detect when you are 
nearby, Philips’ connected lighting system has 
taken things even further. The LED lights it has 
installed along the aisles of a Carrefour 
supermarket in Lille, France, can work out exactly 
where you are in the store, and send deals for 
products in close proximity. The technology is 
called Visible Light Communication, which uses 
rapidly flickering LEDs to emit signals that are 
picked up by your smartphone's camera sensor. 


Illustrations by Edward Crooks 




















Information screens 

With shops only capable of stocking so 
many products, some are already including 
digital displays that let customers access 
the entire catalogue if they can't find what 
they want in-store. In the future this could 
lead to virtual stores, such as the 
experiment by South Korean store 
Homeplus. Images of their products were 
displayed on the walls of a subway station, 
and by scanning a QR code on their phone 
commuters could order online and have 
them delivered by the time they got home. 


Virtual fitting rooms 

Instead of having to get changed to try on a 
new outfit, images of the new clothes can be 
superimposed over live footage of you on the 
fitting room ‘mirror’. The Magic Mirror uses a 
Kinect body sensor to monitor your position 
so it can ensure correct placement of the 
garment ona screen. You can then select a 


new outfit via gesture or touch screen control, 


and even take a picture of your new look to 
send to your friends for approval. 
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Sensors and trackers 


Knowing more about the people who walk 


into their store can help retailers provide 
personalised customer service. However, 
instead of using intrusive facial 
recognition, Hoxton Analytics has 
developed a footfall counter that gathers 
data from people's shoes. A camera 
records their feet as they walk into the 
store, and a processor uses clever 
algorithms to determine their likely age, 
gender and what brands they like. Other 
sensors can also track the Wi-Fi pings 
from customer's smartphones to track 
where they look in the store. 
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3D printers 
As well as selling 3D-printed 
products, some stores are already 
letting you print your own. A variety 
of 3D-printing stores have already 
started to pop up on the high street 
and could be a staple of shopping 
malls in the near future. Customers 
will be able to download a design or 
eate their own. They can then have 
the product made while they wait or 
send their design to the shop and pick 
up the finished product later. 
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Tesco petrol stations hove trialled using facial recognition software to provide targeted adverts at the checkout 
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electronic components have become smaller 
and cheaper, Norwegian company Thinfilm 
have been able to develop flexible smart labels 
with Near Field Communication technology, 
enabling a wide range of useful information 
about the product to be sent to your 
smartphone. This could alert you to ingredients 
in food items that you might be allergic to, or 
tell you more about how a product was made. Digital window displays 
Researchers at the Massachusetts 
Institute of Technology have developed 
see-through screens that could replace 
shop windows. Nanoparticles embedded 
in the material can be tuned to scatter only 
certain wavelengths of light, letting the 
rest pass through so the screen appears 
transparent. This would enable additional 
product information and adverts to appear 
over physical window displays - this could 
then be changed depending on the 
weather, time of day or even who is 
walking past the store at the time, 








Robot shop assistants 
With so many different products in 
a store, it can be difficult for the 
staff to know where everything is 
This is why researchers at Carnegie 
Mellon University have developed 
AndyVision, a robot that can patrol 
and scan the aisles to create an 
interactive store map for 
customers. It can also perform an 
inventory to alert staff when a 
product is low in stock or if an item 
is out of place on the shelves. 











Drone deliveries 

If you've done your shopping but don't fancy carrying 
it home or waiting ages for it to be delivered, you 
could get it sent to your home by a drone. At the 
moment, delivery drones such as Amazon's Prime Air 
are only allowed to be flown within sight of the 
operator, but as computer power improves and 
sensors become cheaper, automated flying will 
become much safer. 
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thanks to the latest technological breakthroughs. 

Over the next few pages, we'll guide you through 
every step of your trip, from planningand booking, to 
travellingand making the most of your stay. 

Some of the technology involved mightseem 
unbelievable, but all of it was already real, or under 
development, in 2016, Take the process of booking your 
trip; you may have been using comparison websites to 
find the best deals, but now you don’t need to enter your 
information, as online travel agents already know your 
preferences. Gareth Williams, CEO and co-founder of 
travel company Skyscanner, said: “Travel search and 
booking will be as easy as buying a book on Amazon.” 

There’s no longer any guesswork involved in picking 
your holiday destination either, as Nik Gupter, 


| t’s 2050 and taking a vacation is easier than ever, 
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Skyscanner’s director of hotels, already predicted back 
in 2016: “In ten years’ time a traveller will be able to take 
avirtual reality walk through the hotel he is planning to 
bookin real-time.” 

The stress of travelling is long gone and getting to your 
destination is almost as enjoyable as the holiday itself. 
In 2016, Melissa Weigel from design studio Moment 
Factory said: “In the near future, airports will bean 
intrinsic part of the holiday experience.” Since then, 
automated check-in and speedy security scanning has 
made boarding your flighta breeze. 

Holiday destinations have also changeda great deal, 
as futurist Daniel Burrus predicted: “Relatively 
affordable trips in low Earth orbit that enable you to 
experience a few minutes of weightlessness will happen 
very soon.” Now we've our sights on the Moon and Mars. 
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Disney's Revel interface can convey the feel of rough terrain as you slide your fingers across 0 map 


BOOKING YOUR HOLIDAY 


Get the VIP treatment from the off 

Use an e-agent 
You can rent an artificially 
intelligent e-agent from 
your local travel company 
to help plan your trip. The 
tech is similar to JIBO - the 
personal assistant released 

Ys in 2015 that uses two 
hi-res cameras to 
recognise faces and 
algorithms to learn your 
preferences and adapt. 






Choose a 
destination 

Social media and 
online retailers use 
members’ profiles to 
monitor activity and 
alter the content they 
see. Travel brands now 
operate ina similar 
way, logging your likes 
and dislikes, while 
facial coding 
algorithms, as 
developed by Affectiva, 
enable search engines ss i 
to read human 
expressions and gauge 
how happy you are 
with the results. 





Book with ease 
While apps like 
Expedia enabled 2016 
holidaymakers to 
arrange most aspects 
of their trip, 2050 
takes the tech a step 
further. You can use a 
one-stop app to book 
your flights, hotel and 
holiday activities with 
a couple of taps of 
your smartwatch. 
Even transport to the 
airport will be taken 
care of. 


Take a virtual vacation 
VR headsets enable you to try before you buy. By using dual lenses with a 
slightly different image in front of each eye, it recreates your normal 
stereoscopic vision and fools your brain into thinking virtual worlds are 
real. Disney's Revel system, developed in 2012, uses electrical signals to 
create the feeling of touch. 
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Your journey will fly by as Sa 
you explore the onboard sapiens 
entertainment options i 


Instead of waiting around at the gate, you are 
free to explore the airport's rooftop gardens, 
art exhibitions and shops at your leisure, safe 
in the knowledge that a 3D holographic 
assistant will appear to tell you when the plane 
is boarding. 

Holograms have been around since the 
development of lasers in the 1960s, but recent 
advancements in technology mean they're 7 
now much more impressive. They used to be iol 
created by splitting a laser beam in two and 
directing each beam towards an object using 
mirrors. The beams were then reflected off 
the object and at the point where they 
recombined, a still hologram of the original 
object formed. In recent years, we've mastered 
moving holographic images, resulting in 
ultra-realistic 3D content for entertainment 
and practical uses. 

When it’s time to stroll onto the plane, you'll 
find that the Airbus Concept Cabin has become 














reality, and you're no longer confined to your Nites LS: 
own seat. First class and economy have been 3 eee 9 uC 
replaced with zones tailored to your different Cae i apo qteeates Lek e 
needs, whether you want to relax, mingle with el t , ra st 
other passengers or play some games, 
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U KNOW? Self-service kiosks at Incheon airport in South Korea allow a three-minute check-in for eight major airlines 
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swiftly passed through immigration with 
your biometric card, you will find another 
driverless taxi waiting to take you to your 
hotel, Instead of having to pick up your 
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toiletries you may have forgotten to pack, or 
delivera tasty snack to help you refuel after 
Sra Tag 

IRIE ee Satire eRe area nC cy 
ye RRR Cet etme mee] Co) 
room's appliances are smart and intuitive 
too, You can even upload your home 





temperature preferences to the room's Ne 





TUE eR TEN 
Pirrens ate TRATES eMC TS sb Cetera 
Nereus 


TTA CCT 





Agood night's rest is guaranteed as the 
SO oe eee eR ole eatit Lt 
MOC a eMac acme ane eran 
aa ee AN ECO Eades) ern ltiiy 
Ree Me CeO TRH eRTeltiy 
Prtae eer meme M tec liCocleh 
existed as of 2016, but hassince been 
adopted by hotels throughout the world 


MU Reese] 
De rail 
f 


snice’ — a mixtu 





Ee een rd 
enn 
ees 





aha 
ui 















Smart mirror 

As you get ready for the 
day, the local weather, 
news stories and your 
emails are projected 
over your reflection. 


Motion sensors 
Upon entering the room, 
the lights automatically 
switch on and the coffee 
machine whirs into action. 


Future hotel - 
rooms 
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Touchscreen control 
A central interactive hub gives you control 
over all internet-connected appliances to 
fully customise the temperature, 
humidity and lighting in your room. 

Keyless entry 

Avoid check-ins by downloading 

your key code onto your phone and 

scanning it at your hotel room door. 





Biometric safe 
Keep your personal 
possessions secure in 
a safe that only opens 
when it scans your 
fingerprint or retina 















Robot butler 

Your luggage, room service, 
fresh towels and more are 
delivered by a robot that you 
can summon via an app. 





Forget to bring your phone 
charger or plug adapter? 
Don't worry, there’s an 
inductive charger built into 
the bedside unit. 






VR headset 
Get a taster of local attractions 
by paying a virtual visit via the 

VR headset in your room. 
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At the spaceport 


Catch a space plane into orbit from your local spaceflight hub 


Ifyou really want to escape from it all, then how 
about leaving the planet altogether? Space 
tourism isa billion dollar market in 2050 and 
there are several companies offering trips. Blue 
Origin, the company set up by Amazon founder 
Jeff Bezos, can offer you breathtaking views 
from its New Shepard spacecraft as you soar 
over 100 kilometres above Earth. 

You'll need to arrive at the desert launch site 
in West Texas two days before your flight so you 
can begin your astronaut training. You'll 
receive mission and vehicle overviews, 
in-depth safety briefings and instructions on 
how to move ina weightless environment. 
When the morning of your flight arrives, it’s 
time to scale the steps of the launch tower and 
climb through the hatch of the capsule, which 
sits on top ofan 18-metre tall rocket. 

Once you're strapped in and have received 
final clearance for launch, the countdown to 
lift-off will begin, The extreme acceleration will 


076 


SPACE TOURISM 


Take a trip that’s literally out of this world 
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World View’s helium- 
filled balloon will float a 
capsule full of space 
ourists to the edge 
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force you back into your seat and you'll 
experience over 3 g for 150 seconds and 
then the booster engine will cut offas 
you glide into space. The capsule will 
separate from the booster, and from the 
serene silence will come the signal to 
release your harness. 

As you float out of your seat and marvel 
at the weightless freedom, you'll forget 
that you're travelling faster than Mach3 
-three times the speed of sound -and stare 
back at Earth out of the capsule window. 
Before descent, you will return to your seat to 
strap in for re-entry. Forces of over 5 g will push 
against you before the parachutes deploy and 
thrusters fire, reducing your speed as you 
gently float back to Earth. Once you've landed, 
just miles from where you launched, you can go 
and collect the complimentary souvenirs of 
your thrilling trip. That’s right; novelty 
keyrings still exist in 2050. 
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The first space tourist was US multimillionaire Dennis Tito, who poid $20m to spend eight days on the ISS in 2001 


UNDERWATER HOTELS 


Sleep, eat and relax with the fishes 


Back in 2016, the closest thingtoan underwater _in 2016, its doorsare open in Dubai in 2050. 


suite was the five-star Atlantis, The Palm, in Once you arrive by boat or helicopter from the 
Dubai. The floor-to-ceiling views ofa colossal shore, you can relaxin your room and watch the 
aquarium created sucha spectacular illusion marine critters swim by, or sign up fora diving 
that celebs like Kim Kardashian West were course to get even closer to the action. You don’t 
willing to splash the cash to stay there. even need to go back up to the surface in order 

But while a fully-fledged underwater haven to get in the water, as there's sea access direct 
like the Water Discus Hotel was just a concept from the underwater disc. 





Underwater suites at The Palm, Dubai, 
offer views of 65,000 marine animals 


The Water 
Discus 


Get up close with marine 
life in Dubai’s ocean hotel 
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THE FUTURE OF 
TEACHING 


WHAT WILL SCHOOLS BE LIKE IN 2050? 
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Universe Sandbox? is o physics-based VR experience allowing players to create and interact with planets 


he modern-day classroom isn’t really all 

that different from a Victorian classroom. 

The teacher still stands at the front, with 
the children facing them, answering questions 
and taking hand-written notes. While there isn’t 
acane, and we've swapped squeaky chalk for 
marker pens, the format hasn't really evolved. 

It’s strange when you consider the 
advancements that we've made in the same 
amount of time: we've landed on the Moon, 
unravelled the human genome and created 
super-computers you carry in your pocket. So 
why is education stuck in the 2oth century? 

Insome schools, it isn’t; advancements in 
teaching, communication and technology have 
totally changed the working environments of 
students around the world, and the future only 
holds more progress. Looking closer at that 
modern day classroom reveals some details you 
may have missed at the first pass. Those hand- 
written notes might be taken onan iPad witha 
stylus, with the handwriting converted into 
typed text and the finished document saved to 
the ‘cloud’. The board is interactive, and can 
display websites, videos and more that the 
teacher can control with a smart remote. 

In fact, while the basic format of teaching may 
remain largely unchanged, technology has 
improved how kids learn, what they learn, and 
how they are taught. Textbooks are, of course, 
stilla big part of the school experience, but 
increasingly e-books and online research are 
being used in place of the traditional tomes. In 
some schools, students are loaned iPads or other 
tablets, loaded with their entire reading list for 
the year. Rather than straining their spines by 
carrying huge backpacks, pupils only need one 
device. Even better, they can make helpful notes 
on the pages, or highlight useful sections, 
without being charged for defacing the book. 

Of course, these books can also include links to 
websites that aid learning. Digital pages can 
contain useful information for additional study 
or homework, or can even take students to online 
tests. The teacher can then check in on who has 
taken the test, how they scored, and get more 
information about each pupil, including how 
long they spent working on each question. 

The internet has become a valuable teaching 
resource and is regularly used in the classroom. 
Rather than formal videos recorded in the days of 
VHS, teachers can quickly find useful resources 
and play them to the class. Not only is this more 
engaging than a video that's decades old, it can 
also prompt further discussion. 

Technological advancements have changed 
the way teachers work, too. More and more, 
students are being encouraged to work in small 
groups and foster interaction, with technology as 
an enabler. Learning spaces are being 


The idea of every Student having a 
tablet won't seem odd in ten years 


Games will be used as part of coding lessons, 
helping children to have fun while they learn 


\ 


Virtual reality will let students take 
trips through history and into space 
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redesigned to reflect this, and teachers’ roles are 
slowly changing toa more passive role. 

Andas technology becomes more and more 
accessible, this will only increase. Tech like3D 
printing will allow students and teachers alike to 
create teaching materials within minutes. 3D 
modelling lessons will be able to go from the 
design to the prototyping stage within a few 
hours, while lessons about biology will see 
teachers printing out3D models of ancient 
animal skulls to pass around the class. Cloud 
computing will eradicate excuses like “the dog 
ate my homework”, and give classmates a chance 








ae 


to discuss their work at home, using teacher- 
controller chatrooms that allow them to 
collaborate on projects. Gaming will increasingly 
beused to teach, and eye-tracking will help 
teachers analyse what works best in the 
classroom, and what is failing to grab attention. 

Of course, as teaching changes, so will the 
curriculum. For example, as computing skills are 
becoming more important in this digital age, 
many students are learning how to program. 
Inthe UK, pupils as young as five are being 
taught how to code, with simple games showing 
them the basics. 
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Desk-embedded computing iugmented learning 
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holograms will allow 
students to walk 
around models of 
planets, animals and 
more, studying them 
in more detail 


Augmented 
learning 
Glasses with special 
over-eye displays will 
let students view 
3 related, useful 
Indoor information around a 
school trips : . subject as they learn. 
Students will bring in | 
their own VR headsets 
from home in order to 
take virtual outings as 
a group. 


Guided learning 
Interactive boards will allow 
teachers to pose questions at 
the start of the lesson, before 
students form into groups to. 
direct their own learning. 


Desk-embedded 
computing 
Desks will be a lot more than 
surfaces to lean on. Screens 
built into the table-tops will 
allow students to work without 
extra computers or hardware. 





Paper-thin screens Gaming 
will be commonplace, Games will be 
Online discussions allowing a single introduced into the 
The online area will be used as a worksheet to change classroom as a tool for 
place to communicate, with throughout the day = learning, making the 
me! students and teachers to display classroom a more 
7 contributing to discussions about information the interesting and engaging 
a day's lesson for homework. students need. place for students. 
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ntly, 3D printers con take hours to print small models, but in future models will be created in minutes 
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Passing notes VR lessons 










Passing notes 
Kids won't write notes 
to each other any more 
- instead, they'll send 
messages through their 
smart watches so the 
teacher doesn't see. 





Dedicated booths wil 
allow stu 

step away from the 

classroom and take 

trips into history, ¢ a 

e, or the future. 


The new textbooks 
Carrying bulky textbooks 
around will be a thing of the 
past, with tablets | Analytic learning 
containing a student's Stisients' willbe 
entire reading list for the eicouraaed record 
atscetie yeas their own work, so they 
can watch it back later 
to analyse their own 
performance. 





\ 
Sia tS 
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“Interactive 
holograms will 
allow students 
to walk around 

models of 
planets, animals 
and more” 


NG 


Printing the future 
3D printers in the classroom 
will allow students te | 

real, hard copies of items 

they are studying to 
manipulate and ana 


PENM3 NOATOTOBMNA FPYNNMA "What's News” VK.COM/WSNWS 


Weighing 60 
Ce EN 
renee ass 
Po ees 

eae a 





PENM3 NOATOTOBMNA FPYNMNA "What's News” VK.COM/WSNWS 


Samsung previously revealed c prototype for a flexible 105 inch TV screen in 2014 







The ReFlex is the 

world’s first 
wireless flexible 
smartphone 


our new 
flexible 
smartphone 


Bend-control helps bring Angry Birds to life 


/ 


oyou ever wish you could just take your smartphone, you can interact with apps simply pages ofan e-book, or stretch the sling when 
bulky, rigid smartphone and roll it up to by bending the handset, as seen in the screen playing Angry Birds. Avoice coil inside the 
put itin your chest pocket? Whileitmight thatLGshowcasedattheConsumer Electronics phone will then simulate the feedback from 





sounds like science fiction, flexible and Showin 2016. So how doesitwork?Bendsensors _ these actions through vibrations, helping you 
bendable smartphones are closer than you behind the LG Display Flexible OLED touch feel the rubber band stretch and snap back or 
think -in fact, the technology already exists. screen sense the force you apply, and this the pages flip through your fingers. Your next LG 
When using the world’s first wireless flexible information can be used to flick through the smartphone could well be flexible! 
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8 Eterm M cums lg 
How can technology 
complement our biology? 


8) BURT eee mur fli} 
Can we predict how fatal 
diseases might be cured? 


9g Saving lives with 
nanotech 
How these microscopic robots 
eoltl Ce heln rele lm aCcan ime (oluKey ey 


10 Bee tlt 
apocalypse 
Can we fight the rise of the 
antibiotic-resistant superbug? 


10 How we'll cure cancer 
How understanding cancer 
Wit elonectonaccela ly 





nanotech 
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YOUR BODY IS YOUR MOST VERSATILE TOOL, | 
BUT WHAT IF YOU COULD IMPROVE IT? iy 
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DID YOU KNOW? Hobbyists who experiment with augmenting their bodies ore known as ‘biohackers' or ‘grinders’ 





eare limited by our biology: prone to 
aT Aes R Mela g 
STE Wlseccia(acem oan ete Led 
abilities that nature has crafted for us over 
SUNIL ACLU AK) NaC eee elt MULL ec LN ALEC 
Bye) ora Cee acres n Ce SE Tenet Re eel oo 
and more powerful, electronics are getting 
smaller, and our understanding of the human 
Tle CS Ce cee Treas Ret 
hearts beating, hormonal implants control our 
fertility, and smart glasses augment our vision. 
Weare teetering on the edge of the era of 
humanity 2.0, and some enterprising 
individuals have already made the leap to the 
Coen 
While much of the technology developed so 
far has had a medical application, people are 
now choosing to augment their healthy bodies 
PO CHG EWR och etc nae 
OGURA eC mH cael erecta 
Coventry University, claims to be the “world’s 
sireaM yee Me BC LMM RRS uOecat ley 


IMPLANTS | 


Professional and 
amateur biohackers 
are exploring different 
NWV]e(=Me) mele] ein —in lial) 
our skin 


(eter ce) Com en ele 


De UR Cee Sele 
eee cen na 
Eee oe eR mPa OLD) 
can store information, change colour, and 
Ova Na ea 

CR ce 
Wek a eeecn es ane Ea} 
forward from the micro-devices that fit in 
Cae CSE U eae om 
eee oe eC Rear tte eos 
See naa Re 
IVT HM LeeLee Rea ler ee 
SUS Cn et ecu 
renee eeu ts atc) 
eS Cen hen el teeesart aT 
chemicals, and some contain coils that can 
Pees Rac eee ect 





Fingertip 
magnets ---- 


Tiny neodymium magnets canbe x. 
ee Re neu neu S 





implanted into his arm, which allowed him to 
open doors, turn on lights and activate 
computers without even touching them. In 
2002, the system was upgraded to communicate 
with his nervous system; 100 electrodes were 
linked up to his median nerve. 

Through this new implant, he could control a 
Soe eM) eee LELOROLL 
help ofa matched implant fitted into his wife, 
ADEE (oie) Cancer aces lel oy 
EU m@e DT Lin Ln e 

Pacem Nea pa el aeons haynes s 
product ofa biomedical research project, but 
waiting for these kinds of modifications to hit 
the mainstream is proving too much for some 
enterprising individuals, and hobbyists are 
ean ack sai a em Uae 

PNG cece Rota b nnn Leela B EI 
OCR NCE n serene 
Identification (RFID) chip embedded in each 
iE Tits Mane ime USCS cones oan RIC Ta CMTS 
motorbike, and the right stores data uploaded 


The electronic tattoos 
work as touch sensors, 
change colour, and 
receive Wi-Fi signals 


Under-skin 
lights _------~ 








Some implants are inserted under the skin 
Re eee ee at oe 


from his mobile phone. Others have had 
Bir Taetee ICR Lea (e (Ren nmiiel <a ccmeT IC aber s 
them to sense magnetic fields, and some are 
oaelau rel lererh pier (ociee tie Csr boreom orate ey 
ESI eer yolsce bee B bral elit le emda eb ee 
Meanwhile, researchers are busy developing 
the next generation of high-tech equipment to 
vielteCe Aenmoee heel irae toe 

MVE baee eee oR W Mer Bice Lan el ed 
don’t want you to try this at home. Butit’s an 
exciting glimpse into some of the emerging 
technology that could be used to augment our 
PeTler SMe iC eRe Ce CNS 
Teens bee NMI e eC Rey Mee) et- Le abet 








ekg at Sm ae a) 
ROCs et ce te hy 
electrical wires, whirring fans and 
Oa Co oR ct 
Pe eae ee Re 
Peg net ee etn 
of invisible fields in the air. 


Be reser Es) 
SRA nn aC Nace) 
Std era oe 
heel Runa iect i eC 
Cee ae 
Oa ee Se eee 
so fitting these is usually done without. 





Beat 
Pore Se SCM 1-1s(oKe), 


Ce ee ot cnc 
low from under the skin 
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Buzzing the brain 


Beer mee ey 
electrical signals through the skull 
ROR Ue au ed 





Excitability 

The electricity changes the 
activity of the nerve cells in 
the brain, making them 
more likely to fire. 





Cathode 

Current moves towards 
the cathode completing 
the circuit. Changing the 
placement of the 
electrodes alters the 
effect on brain function. 


The anode delivers 
current from the device 
across the scalp and 
into the brain. 


Motor control 

If the current is applied over the 
motor cortex, it increases 
excitability of the nerve cells 
responsible for movement. 


Wires 
A weak current of 
around one to two 


milliamperes is 
delivered to the brain 
for ten to 30 minutes. 


Device 

Powered by a 
simple nine-volt 
battery, the device 
delivers a constant 
current to the scalp. 


HACKING THE BRAIN 


With the latest technology we can decipher what the brain is thinking, and we can talk back 


MUSE M Cea eceeeile oo eleataarhc 
ste deCe PMP TN eC Mev anata Le 
Oe oR UT eo ane e EAL e tC 
latest tech can tap into these coded messages. 
Prosthetic limbs can now be controlled by the 
mind; some use implants attached to the surface 
adder el cee e wt ce) saone (cas 
electrical activity passing across the scalp. 
Decoding signals requires a lot of training, and 
Nees sem ae ei ees cab 
Itis also possible to communicate in the other 
direction, sending electrical signals into the 
brain. Retinal implants pick up light, code itinto 
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Co leeale ptr me men Onilae) see 
nerve, and cochlear implants do thesame with 
SOR ehuC meen ee UR ig 
attaching electrodes to the scalp, whole areas of 
the brain can be tweaked from outside. 
Transcranial direct currentstimulation uses 
eae een be cane lg ec SLU een aS ete Lae) 
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Visual perception 

Visual information is processed at the 
back of the brain, and electrodes 
placed here can augment our ability 
to interpret our surroundings. 


Working memory 
Stimulation of the front 
of the brain seems to 
improve short-term 
memory and learning. 


Gene 
editing 
In 2013, researchers working in gene editing 
made a breakthrough. They used a new 
Pee SCR Senne aur econ 
their choosing, opening the floodgates for 

Me CBU aU At Bee] Rea aes 
eee cunt Gee an) 
bi EMER Ree ee Rela en ice her ic) 
Ca Re Ue ne et eee 








EDR Ue Rue ee Con le ea Or) 
Berar ata Y 
What scientists have done more recently is to 





hijack this system, By ‘breaking’ the enzyme 
Re ase ne men cnr? 
DNA, Instead, it can be used to switch the genes 
Rac wa RCN 
Pee Se ee ees 
experimental, but in the future it could be used to 
ere eee a 


Bae 














ra 





The CRISPR complex works like a pair of 
Deni cece) 


eae eel ae eRe CMM MEU TORUS 
stillin development, early tests have indicated 
Ure LaUe Ne LecBIEA oo UNL VeLS Mee OR TOU TM HTeLeLe 
Teale mechani ileal me Nal 
technology is relatively simple, and there are 

ETey nt eRuen) e-Ve oper Lecco TECsreLeh Me) iO -AON a Cala 
Lcd ola) een oe et av Sed ese) am ) 
make one yourself. 

However, the researchers of this technology 
Pr ranrtecU MMe eaten 
aren't exactly sure how it works, and messing 
around with your brain could have very 
dangerous consequences. 
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Neil Harbisson is o colour-blind artist with on implanted antenna that turns colour into sound 
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COMMUNITY 
BIOLOGY LABS 


We spoke to Tom Hodder, technical director at 
London Biological Laboratories Ltd to learn more 
about public labs and the biohacking movement 


Interview bio: 

Tom Hodder studied medicinal 
chemistry and is a biohacker working on 
open hardware at London Biohackspace. 


What is the London Biohackspace? 
The London Biohackspace is a biolab at 
the London Hackspace on Hackney Road. 
The lab is run by its members, who pay a 
small monthly fee. In return they can use 
the facilities for their own experiments 
and can take advantage of the shared 
equipment and resources. In general the 
experiments are some type of 
microbiology, molecular or synthetic 
biology, as well as building and repairing 
biotech hardware. 


Who can get involved? Is the lab open 
to anyone? 

Anyone can join up. Use of the lab is 
subject to a safety induction. There isa 
weekly meet-up on Wednesdays at 
7.30pm, which is open to the public. 


Why do youthink there is such an 
interest in biohacking? 

Generally, I think that many important 
problems, suchas food, human health, 
sustainable resources (e.g. biofuels) can 
be potentially mitigated by greater 
understanding of the underlying 


(USL 
Rr Mette 
Peer eeu tT 


processes at the molecular biological 
level. I think that the biohacking 
community is orientated towards the 
sharing of these skills and knowledge in 
an accessible way. Academic research is 
published, but research papers are not 
the easiest reading, and the details of 
commercial research are generally not 
shared unless it’s patented. More 
recently, much of the technology 
required to perform these experiments is 
becoming cheaper and more accessible, 
so itis becoming practical for 
biohacking groups to do more 
interesting experiments. 


Where do you see biohacking going 
in the future? 

I thinkin the short term, the biohacking 
groups are not yet at an equivalent level 
to technology and resources to the 
universities and commercial research 
institutions. However in the next five 
years, I expect more open biolabs and 
biomakerspaces to be set up and the 
level of sophistication to increase, 

I think that biohacking groups will 
continue to perform the service of 
communicating the potential of 
synthetic and molecular biology to the 
general public, and hopefully do that in 
an interesting way. 


Ee 
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How are we going to beat the world’s deadliest diseases? 


edical science has produced some 
M incredible solutions to challenging 

problems over the decades, from 
Elliot encenituieelacoet eas eum on uc lalisd 
technologies to look inside patients without 
using a knife. It’s hard to predict what will 
happen next, but science has recently opened 
FYeuntw cv UNA sy Ube Ke lol eRCR ANNAN CKO) @ 
medical treatment. 

NV Cle lTobato eaten ourcom tie leetia eyo) -se- Lael 
drugs. Computing, engineering, 
nanotechnology, quantum physics, and many 
occa dite cet eee tonite (et 


0272 


tech and providing brand new solutions to 
age-old problems. 

He Ai UL ae Sie l 
PVame ENO eh non inet nei ote 
patients, and contact lenses could monitor blood 
sugar for diabetics. Prosthetic limbs linked 
directly to the nervous system could allow 
amputees to move and feel just by thinking, and 
EP detecoeceetl odometer ed ka cceCKMr ony 
medical kit, or even fully working replacement 
organs, on demand. 

Weare learning how to retrain our own 
immune systems to fend off deadly diseases, and 


we are developing technology that could allow 
our own genetics to be tweaked and changed on 
Terre U Hee CH eT Lae rE a Meee eect Ore 
massive and rapidly expanding pool of data from 
patients the world over, and as we dig deeper 
into the biochemistry of illness, new ways to 
Ose NAeceelae essary ose 

One day, wearable tech and at-home test kits 
could monitor for the first signs of sickness, and 
custom treatments might be delivered based on 
Cem enee eee Tne 
fingerprints, minimising side effects and 
PERE e Heke ese e 
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In 2014 scientists grew a whole organ, called a thymus, inside o mouse using stem cells 








How germs spread 





Body fluids 

Blood, saliva, semen and breast milk can 
all carry disease 

Liquids provide an excellent way for pathogens 
to travel from one place to another. Precautions 
are always taken when dealing with body fluids 
in hospitals and labs, because contaminated 
body fluids can transmit diseases like mumps, 
hepatitis and HIV. 


ait 


on — 
Food and drink 
Contaminated food and drink carry 
pathogens into the gut 


The acidity of the stomach provides some 
protection against infection, but it can’t stop 
everything. Pathogens enter through the 
mouth, and either set up home in the digestive 
tract, or move into the body through its walls. 


Training the immune system 


: RB. 





Vaccinations are like a training program for 
your immune system, giving ita sneak peek at 
enemies that it might encounter in the future 
so that it can prepare in advance. They can be 
made in different ways, but usually contain 
inactive bacteria or viruses, or examples of 
molecules that the pathogens make. 


Skin to skin contact 


Some infections are quickly spread by 
direct contact 

Chickenpox, cold sores, head lice and warts can 
all be transmitted by touching someone with 
the infection; the viruses, bacteria, or parasites 
simply move from one person to another. Some 
of these examples can also survive on 
inanimate surfaces fora short time. 


: 
pune MP 





Droplets 

Pathogens can be transmitted short 
distances by drops of liquid in the air 
Tiny drops of fluid released by a cough ora 
sneeze travel around a metre before they settle 
onto door handles, surfaces and skin. It’s an 
easy way for respiratory infections to spread. 
Examples include colds, fluand rubella. 


When the vaccination has been injected, your 
immune system comes to have a look. It will 
examine the parts of the pathogen and work 
out the best way to attack, as though it were 
fighting the real thing. After the vaccine has 
been cleared up, some of the cells that fought it 
remain in the body on patrol as ‘memory cells’. 








When you encounter the real pathogen, your 
immune system will be ready to respond. 
Instead of spending time working out what to 
do, the memory cells left over from the 
vaccine instantly clone themselves, 
producing an army of cells that can clear the 
infection before you get sick. 
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j million 


In 2015, nearly 37 million 
people were living with HIV 


Over half of 
people with HIV 
can’t access 


treatment rf 


11 


people die as a result of 
AIDS each year 


eo 06 


HIV is transmitted through 
body fluids, including blood, 
semen and breast milk 


8 out of 10 

pregnant women 

with HIV receive 
; ; ; » © treatment to 


minimise the risk 
to their child 
HIV infects the 

immune system, 


crippling the 
body’s defences 


0 


of people with HIV don’t 
know they're infected 


million 


Antiretroviral 
therapy stops the 
virus replicating 


Condoms, HIV puts 
HIV testing, people at 
and risk of 
circumcision catching 
help to other 
reduce diseases like 
transmission tuberculosis 
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The end of HIV 


How do you hunt down a virus that’s hiding 


in your own immune system? 


uman Immunodeficiency 

Virus (HIV) hijacks the 

immune system. The virus 
gets inside, inserts its genetic code 
into the genome ofa cell, and 
transforms it into a factory to make 
more of the virus. While this is 
happening, the cell is unable to 
function normally, and gradually as 
more and more cellsare taken over, 
the immune system is left seriously 
weakened. The result is knownas 
Acquired Immune Deficiency 
Syndrome (AIDS). 

HIVisnow treatable witha 
combination therapy that stops the 
virus from replicating. The amount of 
virus often dips so lowin the blood 
that the disease can’t be passed on. 
Transmission from mother to childis 
also being eliminated with new 
drugs. However, not everyone has 
access to treatment. 

The gold standard for the future of 
HIV medicine would bea vaccine that 
can teach the immune system to 
neutralise the virus witha coating of 
antibodies. In theory, this could be 
used not only to prevent infection, but 
also tostop the disease coming back 
in people who have some virusstill 
hiding in theirsystems. 

Thisisa huge challenge; the virus 
shape-shifts to avoid detection, and 
the immune system doesn’tusually 
respond. But new vaccines are being 
trialled all the time, andas our 
understanding of HIV and the 
immune system improves, we are 
inching closer to making ita reality. 


1983 


Scientists discover that human 
immunodeficiency virus (HIV) is 
the cause of acquired immune 
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AIDS 


+ Stands for Acquired Immune 
deficiency Syndrome 

+  Isthe disease caused by HIV 

+  Takesadvantage ofthe 
damaged immune system 
thatis unable to fightit 

+ People die due to infection or 
resulting cancer 


1987 

The first drug 
treatment for HIV, 
azidothymidine, 






Bl 
carrying the HIV, 
was destroyed, and replaced with 
Creme CRN gts 
Deena aae el as 
HIV to infect them, and the patient 
Reece 

Cer Mae ST 
Oana kane 
enough donors available, so it’s not 
a practical solution to rid the world 
ele 


HIV 


+ Stands for Human 
Immunodeficiency Virus 

+  Isthevirusthat causes AIDS 

+ Itinfects the immune system 

. Infection compromises the 
cells of the immune system 


Future 

A vaccine is 
developed to train 
the immune system 





deficiency syndrome (AIDS). is approved. to attack HIV. 

1981 1985 1996 2007 Future 
Men in California start Commercial Triple-drug therapy Asingle patient Adrugis 

to fall ill with unusual blood tests for HIV _is introduced, inBerlinis cured developed to 
infections after their are invented, turning HIV byapioneering reveal HIV 
immune systems allowing screening infection intoa bone marrow lurking in 
become weakened. to begin. long-term disease. _ transplant. dormant cells. 
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DID YOU KNOW? The highest death rates for heart disease are in Eastern Europe and Central Asia 





Can cancer be cured? 


Huge progress has been made over the past century, but what 


happens next? 


ancer isan ancient disease; tumours has been 

found in Egyptian mummies, and even in the 

fossils of dinosaurs. It happens when genes 
involved in growth and repair go wrong. Affected cells 
make copy upon copy of themselves, and these new 
cells start to break away, travelling around the body and 
making yet more copies elsewhere. 

Ifcanceris caught early, it can already be cured. If the 
tumour is removed, the cancer is gone. However, once 
the cancer has spread it is harder to treat, and the more 
itspreads, the less likely people are to survive. 

Stopping cancer before it really starts would be the 
best option. Vaccinations might be used to train the 


The future of cancer medicine 


Matching people to the right treatment could 
be the answer to controlling cancer 





Group of patients 
Several people might have 
brain cancer, but not all 
brain cancers are the same. 


Where is the cancer cure? 


Cee ee ti eu hate ett a 
thousands of scientists are working to try and find the cure, so 
PRCA eRe me ae ae 
ele RR c eee et eae eee eee 
they need to be found. Radiotherapy and chemotherapy can 
help to mop up stragglers, but they don't always work, and 


1880s 

The first mastectomy is 
performed, finally 
providing treatment for 
breast cancer. 


Genetic testing 
The patients are tested to find out 
the exact genetic and chemical 
makeup of their tumour. 





immune system to recognise cancer cells, or a routine 
blood or breath test could be developed to pick up the 
earliest signs of the disease. However, the likelihood of 
cancer increases with age, and with people living longer 
the incidence is rising. 

For those who do develop the disease, several 
futuristic treatment options are already being 
developed. Future humans could end up having their 
immune systems retrained and augmented, or they 
might receive genetically engineered viruses designed 
specifically to infect and kill the tumour. We might even 
be able to switch genes on and off inside tumour cells to 
halt their growth. 





Treatment matching 
Patients are matched with treatments 
that specifically target the 
weaknesses of their own cancer. 


eee St oe ee a) 
Deep eae een eet 
eee UR tet ine as eae s ad 
Pee tein em ec un 
erent eu ket ie aed 
este errant 





1950s 

Smoking is finally 
shown to cause lung 
cancer, encouraging 
millions to give up. 


Future 

Personalised medicine 
becomes reality, with patients 
matched to treatments based 
on their genes. 








Timeline 

1846 1903 1949 1990s Future 

The invention of Radiumis used to The first Cancer mortality A simple blood 
general anaesthetic 4 i» treat skin cancer, chemotherapy drug starts to drop test is developed 
paves the way for y the in what is the _ is approved. It is developed countries _ to pick up the 
surgery to finally first example of nitrogen mustard,a —_as diagnoses and very earliest 
remove tumours. radiotherapy. WWII weapon. treatment improve. signs of cancer. 


people are diagnosed 
with cancer each year 


million 

people die of 

cancer each 
year 


Lung cancer is 
the most 
common type 
of cancer 
inmen 


~ 


N 


The older 
you are, the 
more likely 
you are to 

get cancer 


> 


Breast cancer is 
the most 
common type 
of cancer in 
women 


iS 


Cancer is not contagious, but 
it can be genetic 


Viral 
infections 
can cause 
some Lit: \ 
cancers 
The earlier 
cancer is 
detected, 
the easier 
it is to treat 
Lifestyle 
changes could 
prevent a third 
of cancers 
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19-72 Eliminating malaria 


This deadly disease is carried by mosquitoes, but work is being 


days it takes for malaria done around the world to wipe it out 
parasites to reproduce inside 


a mosquito ust one mosquito bite is enough to kill youinsome Malaria parasites can’t reproduce without both 
parts ofthe world. Inside the midgut ofAnopheles —§ mosquitoesand humans, giving usa tantalising 
mosquitoes, gametocytes from the plasmodium opportunity to eliminate them. One idea is to genetically 


parasite mature and combine. These are the equivalent modify colonies of mosquitoes and release them to 
of human sperm and eggs, andthe resultishundredsof breed with their wild counterparts; this could be used 
newly formed parasites ready to infect theirnextvictim. — tointroduce damaging genetic traits into the 

The parasites migrate up to the mosquito’s salivary population, either killing the parasites, or killing the 
glands, and when it feeds again they enter the human. mosquitoes themselves. Another option is to develop 
bloodstream. They infect cells in the liver and begin to fungi that can infect and kill the insects. 





Malaria was first written 


divide, before spreading back into the blood. As they Other options for elimination include designing new 
about in Ancient China in * - : aa A 
2700 BCE continue to grow, the cells split open, releasing even insecticides to keep insect numbers down, and 
more parasites and causing havoc for the body. developing a vaccine to halt transmission. 
Global oO 
Eda) 
a is tough 
billion people live in regions MN Mac ee ea 
. aC ene ua ola) Infection 
where they could catch malaria FPA n ir ck The gametocytes 
ee nee Resi mature and combine 





equivalent of sperm as the mosquito feeds. 


Pee enc Gametocytes inside the mosquito. Bite 
Teemu Cae aR] The malaria parasite’s Parasites enter blood 
9 EME Eee nt it 


em een eiecty 


People die of malaria each year BARA Srpadt apr arnnrat melogee 
ence ee tees gis 
only during certain seasons, but pipknce cycle 
dette inl ot ina 
Cella eR roLE 
eee Mieemel cht 
Cena a et et on 
pees sen as 














ri 1 treatments. This, combined with Infection 
of malaria deaths are children ars, political unrest, and More spread The parasites start 
under the age of five PCIe kets st The mosquitoes pass to grow in the liver. 
Renan eecn nearer tr) the parasite on, 
Malanals caused Pree aurea tora 
: Paes 
by parasites that | Pe eae 
infect humans f 1/\ ~ CE ea aca aa 
y / \ 
and mosquitoes a eS 
Re nate ise Spread Transfer 
ji De RR UCR Mosquitoes catch the The parasites move 
Spraying houses parasite from the blood. into red blood cells. 
~ with insecticide is 
the best way to 
stop transmission 1880 1939 Future 
The parasite that causes The DDT pesticide is Malaria-carrying 
B malaria is discovered in _ invented, allowing people to mosquitoes are wiped 
5 countries blood samples taken control numbers of out by genetically 
from patients. malaria-carrying mosquitoes. modified insect mates. 
e sca Timeline 
ag 
= malaria 
1600s 1897 1951 2015 Future 
oT Peruvian tree bark is It's discovered that Malaria is wiped out in The World Health The world is 
214 Million used to treat mosquitoes are the US after a Organisation declared malaria 
malaria, eventually able to transmit government eradication endorses a new free thanks to. 
cases of malarain 201s: leading to the malaria fromone —_ program sprays strategy to eliminate the eradication 
modern drug quinine. person to another. __ millions of homes. malaria for good. campaign. 
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DID YOU KNOW? The earliest example of human cancer is 01.7 million year old fossil with a bone tumour 





Halting heart 
attacks and strokes 


How heart disease starts 
and blood vessels are the The slow accumulation of fat can lead to a deadly blood clot 


Diseases of the heart 


world’s biggest killers 


hen arteries and veins 
become clogged with fat, 
rough plaques form and 





Cardiovascular disease killed 


17.2 


million people in 2012 


Heart attack 
symptoms include 
chest, arm and 
jaw pain, sweating 


and vomiting 
narrow the tubes. As the blood tries to 
force its way through itswirlsand Someone has 
twists, and more damage is done. The a stroke 
fatal blow comes when parts of the every 2 
blockage break away. Clotting seconds * 


molecules in the blood interpret the 
roughnessasa cut that needs to be 


¢ 
There are over 1% 


sealed. They start to builda clot, and 2.5 million heart 

as the circulating blob gets larger, it attack and a 
eventually becomes lodged in the stroke survivors 

tubes, cutting off the blood supply. in the UK 


The damage can’talways be 
repaired, but the latest research could 


Men are more 


change that for the future. Stem cells likely to die of 
are cellsthat haven't yet decided heart disease 
which part of the body to become. than women 


With some coaxing in the lab, they 
can be converted into new blood cells, 
new skin cells, or even new heart 





errnee 


muscle. Harvard scientists have 1Normal vessel 2 Disruption 3 Plaque 4 Clotting 
already madea life-size beating heart Healthy blood vessels. When blockage Fatty deposits in A clot starts to form 
have smooth internal appears inthe the wall of the on the roughened 5 : 
by convincing stem cells to become walls, allowing the vessel, the blood blood vessel cause surface, and the A third of adults in the UK 
heart muscle and growing them ona blood to slip easily quickly becomes _ it to bulge, blood vessel have high cholesterol 
around the body. backed up. narrowing the tube. becomes clogged. 


scaffold. In the future, custom organ 
replacements could be made 


The most important 





artificially on demand. Why haven’t we cured it? risk factors are 
Ifthis doesn’t work, another option a smoking, diet, 
is gene therapy, which isalready Wye ee exercise and 
being trialled for heart failure. Genes een SU ie eh alcohol intake 
are delivered to the cells, telling them epee 
to make different molecules, and SE) fect) Toa Stroke 
i i Pec ae rota) nt it happening in the fi 
potentially allowing the body tobe Sea Rea emer PES ane acl symptoms 
reprogrammed from the inside out. include sudden 
weakness on 
1930 1967 Future ye eaet 
The defibrillator is The first human heart Custom-grown the body, 
invented, allowing transplant is performed, _ replacement hearts are confusion and 


stopped hearts to be allowing damaged organs __ produced from people's 





slurred speech 








restarted with electricity. to be replaced. ‘own stem cells. 
Timeline 
1899 1958 1960 1987 Future 
insrraceutsbal The first implantable The first heart The first cholesterol- Gene therapy is Heart disease and stroke are 
company Bayer pacemaker is bypass surgery was —_loweringstatindrug —_ used to reverse a 
begin manufacturing installed, allowing performed to divert hits the market, the damage the first and second most 
anew drug called the heart to be blood around helping to prevent done by heart common causes of death 
aspirin in Germany. controlled. damaged vessels. heart attacks. attacks. 
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Some nanomaeterials ore naturally occurring, including volconic ash, smoke particles and sea spray 


PETS ce RMU Re cay Ca Sent) 
dy and keeping you in tip-top condition, 
atone ts Oa E Teer) 
rm? This is one of the main goals of 
nology -an advanced field championed 
STM LETTE ULM uaa ELAN) 
usy developing machines that would fit 
T(t ko Meu eee sel om 


r example, propel themselves along using a 

pinning tail called a flagellum, which is powered 
PERCU m eee Be eg ycelCLis 
This operates in much the same way as the 
oI TN ec AMEE CASS Oia mel alte 
ona much smaller scale. Our own cellsare also 
filled with dedicated machinery knownas 
eer ocde erased Cocoa (oem es acne (ele 
eh aUSs oe haere Hehe eeas 
of materials inside and outside of the cell. The 
Baloo son D One lin)he ee Maen} 9) (24 
machine that fits nicely inside a cell, where it 
efficiently assembles proteins from genetic code. 
So our bodies are Seg eS MnO 
nanotech, but now the sto manufacture the 
artificial kind. : 


What could 


Lael ate 


do for us? 


ON eRe Sle omg 
structures could repair and 
eecttta st 


Connected 

Nanobots swimming in the 
capillaries of our brains 
could allow our thoughts 
and emotions to be 
uploaded to cloud servers. 


Glaucoma 
treatment 
Contact lenses 
containing 
nanoparticles could 
periodically release 
beneficial drugs 
when placed onto 
the eye, helping to 
manage symptoms. 


P 


Improved oxygen supply 
Mechanical red blood cells known 
as respirocytes could carry 
additional oxygen around the body 
to improve physical performance. 


Antiviral 

Viral infections could be 
kept at bay by nanoparticles 
that bind to viruses and stop 
them from spreading. 


Biocapsules 

Carbon nanotubes packed 
insulin-producing cells 

could be inserted under the 

skin, and the contents would 

be released when blood 

sugar levels were high. 


Youthful appearance 
Wrinkles could be prevented by 
nanoparticles that penetrate deep into 
the skin, transporting compounds to 
make skin smoother and plumper. 


Enhanced dental 
implants 

Titanium dioxide 
nanotubes loaded with 
silver nanoparticles could 
surround implant 
material to improve 
adhesion to the bone and 
protect against infection. 


Heart repair 
Nanoparticles coated with 
sticky proteins could escort 
therapeutic drugs to 
damaged arteries, repairing 
the elastic walls, 


Bone 
regeneration 
Nanostructures could 
act as scaffolds to 
support bone repair 
after injury. 


Cancer targeting 
Cancer-fighting drugs 
could be guided to 
tumours by 
nanoparticles capable 
of recognising the 
cancerous cells. 





sea 











Single-walled 
carbon nanotubes 
Size in nm: 1 
Sheets of graphene rolled 
into cylinders create tiny 
tubes close to Inm wide. 


Hydrogen atom Glucose o 
size in nm: 0.1 Size in nm: 1 . 
Asingle molecule of Siz 


The smallest atom is 
composed of just one 
proton and one 
orbiting electron. 


sugar is composed 
of only 24 atoms. 


Copper atom 
Size in nm: 0.14 
Copper atoms can be 
used to form copper 
nanoparticles, which are 
used for a variety of 
purposes in medicine 
and electronics. 


Dendrimers 
Water molecule Size in nm: 5 
Size in nm: 0.28 
Two atoms of hydrogen 
and one atom of oxygen 
come together to form 
this small molecule. 


DNA helix 

Size in nm: 2 

Your DNA is cleverly coiled and packed to. 
fit inside the cell nucleus. If stretched 
straight and joined together, each 
nucleus’ DNA would be two metres long! 


Gold atom 

e in nm: 0.14 
‘Atoms of gold can be 
assembled to form 
nanoparticles known 
as colloidal gold. 








Haemoglobin 








These nano-sized proteins 
are found inside red blood 
cells and transport 

‘oxygen around the body. 


These synthetic molecules are 
made of a central core surrounded 
by branch-like structures and 
coated with an outer shell. They 
can be used for drug delivery. 
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White blood cells 


Size in nm: 5,000-20,000 


Your body contains several different 
types of white blood cell, all of which 
are small enough to migrate out of 
blood vessels. 





nm: 5 








nanotubes 
Size in nm: 2-50 

These synthetic nanostructures 
are built using rings of carbon 
atoms that are arranged in 
multiple layers of tubes. 





Sheet of paper 
Size in nm: 90,000 
Although it may appear 
incredibly thin to us, over 
450,000 atoms form the 
width of a sheet of paper. 














Human hair 

Size in nm: 80,000 

A ‘hair's breadth’ is used to 
describe an incredibly small 
distance, but most hairs are at 
least 800 times wider than 
nanomachines. 




















silkworms produce stronger silk if they're fed carbon nanotubes 
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TYPES OF 
NANOTECHNOLOGY 


What objects can we create by manipulating 
molecules and atoms? 


Much like natural nano-sized structures and molecules, synthetic pieces of 
nanotechnology are a diverse group. By using our knowledge of how atoms are 
arranged into structures, we can design and model different shapes witha 
wide range of properties. Nanotechnology can vary from relatively simple to 
immensely complex structures: some are used solely as protective housings 
with the responsibility of transporting drugs, and others have intricate 
mechanical actions such as mimicking a wheel spinning onan axle. 











Nanotubes 
These cylindrical 
structures can be just 
a nanometre wide, 
but reach lengths of 
20 centimetres - that 
means they are 200 
million times longer 
than they are wide! 
They are built using 
carbon that's 
arranged in rings. 


Engineered 
nanomolecules 
Molecules can be modified 
and manipulated to build 
custom nanomachines. In 
2011, a team of 
researchers created the 
smallest-ever electric 
motor, just one nanometre 
across, made from a butyl 
methyl sulphide molecule. 







Microscopic motors 

While not strictly nanotechnology, 
microscopic motors can serve as a 
stepping stone in order to develop even 
smaller structures. Once we can build 
small enough motors, they could 
theoretically power medical nanobots. 






Elemental form 
Like graphite and 
diamond, nanotubes 
are a basic form of 
carbon. They are used 

in heavy industry. 


“Nanotechnolog 
can vary from relatively 
simple to immensel 
complex structures 


a CO Sulphur sion 


Hydrogen 





| ¥ 


: B 
| Human ovum 





300,000 
nanometres 


Scales 
Nanotechnologies can 
reach unimaginably 
small dimensions. The 
developments 
achieved to this day 
have been at the level 
of amicrometre, 
which corresponds to 
a fraction of a cell, and 
of ananometre, which 
corresponds to a 
particle (about the size 
of five molecules of 
water) scale. 


Millimetre 
Equivalent to a 
thousandth of a metre. 
Abbreviated mm. 


10°m 


Equivalent toa 
billionth of a metre. 
Abbreviated nm. 


10°m a 
ANGSTROM 


Equivalent to one ten 
billionth of a metre. 
Abbreviated A. 


10°°m 


A RELATIONSHIP 
OF SCALES 
Nanoparticles are 
thousands of times 
smaller than the 
diameter of a human 
‘ovum, If a nanoparticle 
were the size of a 
green pea, the egg cell 
would be the size of a 
small asteroid. 


150,000 
nanometres 





‘© Solgo; Pixelsquld; Shutterstock: Illustration by The Art Agency 
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MEDICINE 


USES OF NANOMEDICINE _ Ea 


destroy certain species of 


How can nanotechnology be applied to help fight 2S bacteria by krtereeting wih 


their outer membranes, 


disease and save lives? ' -y causing structural changes 


F that make this protective 
abulccel wt Me TaeLi acl Naeeclcce mere (a logan Cah: layer degrade. 


size of proteins, which are able to slip inand out of 
Telecentre ee meen elo t 1} Cell death 

incredibly useful tool for delivering drugs Without their outer 

Cinco teat trae Cre el att membrane, many bacteria 
to direct helpful molecules to organs where ine 
MCs te Mute eto g rel see Va ssh) iaable aN 

Ley Cetaetcry-part(ueltetctcle eb ieat(aattcce- lente 
TOUCH ONE ved tiale deer cee 
carbon atoms - that assemble as long, thin 
nanotubes - provide strength arnd.could be used 
as scaffolds to help repair bone, while P 64 
nanoparticles filled with gold or silver can be 
used to destroy cancer cells or unwanted bacteria. 


Fighting 
Tar ceeea tC Ma] 
nanoparticles 


SOEs 
tools for killing bacteria 









































eee Tail] 
nerve cells 


CM RTS ee Ca Ro 
Deen ee ee 
eee ca mean Rae rs 
efficiently all around the body. The ability of 
nen eT ker tm ea 
Ceca nen gee eho ence 
Pena nN Un uA co 
are damaged, the circuit is broken - and this is, 
iene ili 

See Se ee keen rd 
RR ae ae aa esi) 
‘ 16 DO nee eR 
Silver ion x ap ‘ : TE ee Se iol Meise 


Silver has antimicrobial P Pea Renken Rel} 
properties, and the element ; ee Mm eke ate) 
is often incorporated into ; + Ae ar ree one emetic tec 


medical dressings and Clee ete ese ieee 


equipment to help prevent 
and fight infections, 


Drug delivery 


Ensuring that therapeutic drugs reach their cell 

targets is no easy task when you're dealing with 

complex organism like a human. Drugs may not 

arrive at the right destination, and those that do 

may not be able to enter the cells. The use of , 1 Nanotube mesh 

nanoparticles called liposomes - which are able to j ROR eee eee nt a 

carry drugs into cells ~ may be a way to overcome provides a scaffold for the neurons and helps to 

this obstacle. 7 eM aciaena iy 
Liposomes surround the drug particles and help “ : 

guide them to their destination. Once a liposome 2 ~ } 2 Neuron connection 

makes contact with a cell, it is slowly engulfed ina , 7 Renee et eae urat) 

process called endocytosis. The liposome usually : ee em Ue ea he eae eter 

breaks down slowly inside the cell, but X-rays can } each other across small gaps called synapses 

be used to rupture the fatty layers more rapidly, so Rf : 

that they release their tiny parcels of drugs. } eae cu) 

Re ecu eget a ee 

Liposomes are nanoscale ‘bubbles’ made of phospholipids - ED ee ue cea LR ae 

- the same molecules that make up our cell membranes 
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Nanoparticles of silver and gold were used by the Ancient Romans to decorate vases and chalices 





Fighting cancer 
with nanoparticles 


Surgery, chemotherapy and radiotherapy are 
currently the three main ways of treating cancer. 
Surgery to remove tumours can be very effective, 
but it is not suitable for all types of cancer. 
Chemotherapy is also highly effective at killing cells, 
but destroys them indiscriminately, attacking both 
cancerous and healthy tissue, which can leave 
patients with severe side effects. Radiotherapy can 
be targeted at a particular region, but also carries 
side effects and the risk of causing infertility. 
Nanoparticles could be used to carry a sequence 
of DNA into cancerous cells, resulting in the 
production of a toxic compound inside the cells that 
kills them. Nanoparticles like this have been 
successfully used in rats to attack brain cancer cells 
and shrink tumours, while leaving healthy tissue 
unharmed, It is hoped that the same technology 
could one day be used to fight the disease in 
humans, with few or perhaps even no negatiye side 
effects for the patient. ‘ é 


. 
a” 


«3:8 








Explosion 
The toxins break the cells 
down and kill them, 
shrinking the tumour. The 
surrounding healthy cells 
are left unharmed. 































The ni 


begi 


*“Nanoparticles q 
@ have been used to © 
attack brain cancer 
cells in rats” 








Nanoshields 
The exterior surfaces of the 
nanoparticles are made of 


structures that can recognise 


and bind to cancer cells. The 
cells then engulf them. 


Toxin production 
lanoparticles disassemble and 


release a sequence of DNA. The cells 


in to produce an enzyme that 


converts compounds into toxins, 
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MEDICINE 


HOW TO BUILD 
A NANOBOT 


Two methods are used to make things at 
the nanoscale: top-down or bottom-up 


Bottom-up construction 


Assembling mini machines is no simple task, f Complex structures, such as this 
Cr olaar NAM NORM eeCRC Hebert loli wee beat it mea As molecular gear, would only be al 
" contr Re noIG er to achieve specific rotations if all 
OMe T EN CMMI MTC R@n aCe gato c ch i iestonac icsioternee:| 
PaoKeicckolbioesulg eee) oesie buenos ces very precisely, so bottom-up 
nanoconstruction: top-down and bottom-up. The ~~ assembly would be required. 


top-down approach involves starting with a bulk of 
EVoy ite Vee EI st NU eee MO NAMED ec TaeD el ReC eM Lees 
Pent (eM Hou ROM Rat come Cesta Cer LV Nc: 1a) 
Sod) elaarialel bess ehei aan nen yl 
SSecTaa ley RATER Teer TOU Me euetel Cee Tetetsl Coden ie 
UP eC HNC A NU Keema oe celine 
Eee ee NAC Cree eee li Nae § 
waste, and the tools used for the task are so mpuct 
larger than the final product that theyareall 
Crue ech f 
PCE OMT Cuet Tas (3 1/0) 4 
SPUTUM ASAT OUI RON MOAT Ccle ceo NETS)? 
involves building the nanobot atom 
Coto venloyearbar ecu TSa La Ee Ra Ve va 
Pra Rroneetstesrt yells ksi 131 
See eC Keene) odie 
eovirieaattarceestece cle Crullen rite 
nanoscale, precision is everyth oe Oy 
Pence ant 






Assembly 

Acentral column of atoms 
acts as an axle and is 
surrounded by other atoms 
that spin much like a wheel. 


The outer casing is formed Moving atoms 

of larger elements to » If the outer casing is held still, 

reduce the number of the top central column canbe [ 

atoms needed. rotated and used to spin the 
atoms between the shaft and 
external elements. 
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Everyday nanotech may seem futur 
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CaN stas 
protection products. 
Eran etocy 
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Self-cleaning 
glass 
Sree iy 
Crete een 
Deen ee) 
Peace eta 
Pee rs 
eed kee 
Seer asd 
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The 2016 Nobel prize in chemistry was awarded for the develapment of nanomachines 








The future of Plaque removal Blood flow 


= 2 The nanobot reduces the size of the Red blood cells transport oxygen to 
nanomedicine plaque using flexible arms that bind tissues through the bloodstream. 7 e J 
to the individual components and The force provided by the beating 
Nanobots could soon be roaming separate them from the bulk. heart pushes the cells through 
through our bloodstream and arteries at high pressure, which 


fixing unseen dangers = increases when blood vessels are £ 
blocked by plaques. 










Cholesterol build-up ¥ > 

When an arterial wall is damaged, 
calcium, cholesterol and other 
components begin to build up and 
form hard plaques. If left 
unchecked, plaques can suddenly 


rupture with fatal consequences. 


— Injection 
§ 4 Nanomachines could 
be injected to 

wherever they're 
a ©) needed in the body via 


= a hypodermic needle. 










a Housekeepers 

4 = Once large plaques have 
=. =) Swarm been cleared, the 

Many nanobots could be nanobots could be used 


vadiniistared at hase’ as routine cleaners to 


time to clear debris from break down any existing 
multiple arteries fat deposits before they 


simultaneously, or clear ee ee penne 
large plaques even faster. part cleanse: 


“The top-down approach is 
similar to how a sculptor would 
carve a stone block until it 
assumed the form they wanted” 
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Wireless control 
Medics are able to control the 
nanobots in real time using 
magnetism, with each 
individual robot having 
personalised magnetic 
markers for identification. 


‘© Alamy;Solgo; Thinkstock; Pixelsquid 
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Are we heading towards a future where 
infections are immune to treatment? 


e havea major problem. Since the 

dawn of humanity, we have been 

locked ina battle with microscopic 
OPTERON torte aCe 
starting to win, they’re fighting back. 

PeP Tater Mec Roce ate p see CRC 
PEDRO om LEN eRe) 
tuberculosis, and until the 1920s, we were 
Macca Nae uo ms ARUNSIPN CT m 
aU ate O ecto aancecrele eal 
with his discovery of penicillin, we suddenly 
SeEeoEsB Ly et ANU O00 

PMU Celee Mona ely outs el 
Chal Moa aaa cman MNCL ct 
fda o bikes lemecsc(e lal (cluelyecge ec Lan (cco) (cy 
CICA re- Leb Ise ateselils) oasis p ae 
can mass-produce food on an unprecedented 
scale. But we have used them and used them 
EVR eRe eddies Mca 
tolearn. 

These little organisms can replicate ina 
Clam gee ROL CRL As OU 
make tiny, accidental tweaks to their genetic 
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oele RS aeLet eet Ue ada 
occasionally, a mistake is made that helps one 
bacterium to outlast an onslaught of antibiotics 
for justa little longer than their neighbours. 

When the course of antibiotics are finished, 
andall of the vulnerable bacteria are dead, this 
slightly stronger individual can carry on 
dividing, making a new colony thatare alla 
tah lalate emo aeeleoiueto aes 
elem RMU) UU Tee Bele 
havea superbug on your hands. 

Worse still, bacteria are able to share useful 
genes with their neighbours. And not just 
members of their own species. They carry 
useful snippets of genetic code in little rings of 
DNA called plasmids, and they can swap these 
like trading cards, passing resistance on to 
Colter lena Ren 

Using these tactics, several strains of bacteria 
Eine) tek accoltlete- ee gen 
antibiotics in ourarsenal. We're in the middle 
Euan t com Ueki siete 
iseenes Spenser vehlesm 





Antibiotics are used everywhere, from hospitals 
POU Ruy 


What needs to 
be done? 


Ee Reet eee eC 
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eg ee 

Vets and doctors are being urged to only use 
PRN ecceec eu hates 
their patients beforehand to check that the 
Reena Unc Ang nary 
een eel eek 
cake emt ee aay 
Deer eae ecu 
ae ce) 
encouraged to keep their livestock clean and 
Meee eum Cun teste to) 
Cee Re a Scu eee ea 
organisations are under pressure to regulate 
PT nent hue crc 
people have access to the right antibiotics. And 
te es eseege ea ech 
find new drugs to fight resistant strains. 

Dem ean ene reer aac 
eines htheeeitarc seit a 
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The first antibiotic, penicillin, was discovered by accident when a blob of mould got into an experiment 


Antibiotics shut 
cell factories 
Bacteria have molecular 
factories that make the 
molecules they need to 
survive. Some antibiotics 
shut them down. 


Antibiotics 
burst bacteria 
Some antibiotics 
stop bacteria 
building their 
protective cell wall; 
the pressure builds 
and they pop. 






The war on bacteria 


pan Antibiotics work by attacking bacteria, but 
Antibiotic Antibiotics the bugs are fighting back 
stop division 

Some antibiotics 
interfere with bacteria’s 
genetic code, preventing 
them from dividing. 










win 





Bacteria 
neutralise 
antibiotics 

Some bacteria make 
molecules that stick to. 
antibiotics and stop 
them working. 







Bacteria change 

their molecules 
Antibiotics work by 

clinging on to bacterial 

Bacteria pump antibiotics out molecules, so if the 

If antibiotics do get inside bacteria, some are bacteria can change 
able to pump them straight out again. their shape, they can 

Bacteria block sometimes escape. 

antibiotic entry 

Some bacteria have 

developed ways to stop 

antibiotics from getting 

through their cell walls. 





Arm yourself with information 
Knowledge is the most powerful 
weapon we have against an antibiotic 
apocalypse, here are two top places to 
learn more: 





* The World Health Organisation 
www.who.int 

Working in over 150 countries, the 
World Health Organisation are leading 
the fight against antibiotic resistance. 
Their social media accounts are a great 
place for bite-sized news and updates. 


© Bugs and Drugs 
www.antibioticresistance.org.uk 
With funding from the British 
Government's Department of Health, 
the National Electronic Library of 
Infection have made a one-stop hub of 
information about antibiotic resistance. 


© Thinkstock 
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FIND OUT HOW UNDERSTANDING ONE OF 
HUMANITY’S OLDEST ADVERSARIES 
COULD SOON LEAD TO A CURE 


— 
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Hippocrates named concer ‘Karkinos’ after the giant mythical crab due to the way tumours look as they spread 






ancer has been around longer than we 
have. Traces have been found in 70 
million-year-old dinosaur bones, ina 
120,000-year-old Neanderthal rib, andina 
human skeleton dating back to 1200 BCE. And 
almost every animal, even sharks and naked 
mole rats, can get the disease. 

Itwas once untreatable. Ancient Roman 
doctor Celsus wrote, “After excision, even when 
ascar has formed, none the less the disease has 
returned.” Even if the tumours were removed, 
they kept coming back, but in ancient times we 
didn’t fully understand exactly what we were 
up against. 


PERS a kaa 
PN eae 
man 
eee 7 















By the 17th century, physicians were 
pointing the finger at a straw-coloured liquid 
called lymph, which passes through the body 
in channels that run alongside the blood 
vessels. And by the mid-1800s, it became clear 
that cancers were actually made from cells. 
Realising that cancer spread from the 
original tumour, 19th-century surgeons, with 
the help of new anaesthetics, started removing 
more tissue and nearby lymph nodes. Then, at 
the start of the 2oth century, radiotherapy 
became available to treat irremovable cancers. 
Nitrogen mustards then became the first 
chemotherapy drugs after WWI. 


Watson { 
ond Crick 


Lung cancer is the 
most common type 
of cancer across 
the world 








Thena massive breakthrough was made. In 
1953, James Watson and Francis Crick 
deciphered the structure of DNA, opening the 
door to a new era of genetic science. We now 
know that tumours are made of our own cells 
but their genes have gone wrong. They change 
constantly, they evolve to escape treatments, 
and they hide and spread undetected. And the 
more we learn, the more we are unravelling 
their weaknesses. 

Acentury ago a cure for cancer would have 
been unthinkable, but as research continues 
survival is rising, and there are many more 
discoveries yet to be made. 





















You're made up ofan estimated 37.2 trillion cells, 
each containing an entire copy of your DNA, 
which consists of 23 pairs of chromosomes and 
21,000 genes, written in combinations of four 
chemical ‘letters’: A,C,G andT. 

The full human DNA sequence contains 
around 3 billion letters, and the genes are 
arranged into three-letter ‘words’ called codons. 
Each word corresponds toa molecular building 
block called an amino acid and, when genes are 
read in order, the words ina gene provide the 


these have been growing continuously 
in labs since the 1950s 


What is cancer? 
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recipe to builda protein. Proteins are crucial for 
everything thata cell does, from making energy 
to deciding when to divide to communicating 
with its neighbours. But in cancer cells vital 
genes contain mistakes, changing their proteins 
and altering the way that they behave. 

Ittakes lots of genetic mistakes to turna 
healthy cell into a cancer cell, and they tend to 
build up over time. A few people inherit genetic 
faults from their parents, but most occur as we 
get older. Sunlight, alcohol, radiation and 


Scientists Douglas Hanahan 
and Robert Weinberg defined 
ten distinctive features of 
cancer cells 


smoking, for example, canall cause harm to our 
genetic code. But even people with the 
healthiest lifestyles accumulate genetic faults. 

Cells divide for growth and repair, making 
copies of themselves to replace old cells or to 
heal wounds. In order to do this, a cell must first 
duplicate all 3 billion letters of its DNA, and doing 
this without makinga single mistake isa 
virtually impossible task. 

The copied code is scanned for errors, and 
mistakes are usually fixed before the cell 
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Cancer is not contagious, but some viruses, like hepatitis B, HIV and HPV, con couse cancer by damaging DONA 


divides, but sometimes errors slip through and 
over time they start to build up. 

Justas changing the letters ina book would 
make the words unreadable, changing the 
letters in the genetic code makes it hard for the 
cell to make sense ofits genes. Ifletters are 
changed, deleted, added or moved around, it 
can completely change the meaning of the 
genetic words, which in turn changes the 
proteins that the cell makes. 

Built-in safety mechanisms normally tella 
cell to self-destruct ifit has too many genetic 
errors, allowing a new, healthy cell to take its 
place. But sometimes damaged cells slip 
through the net, failing to repair themselves 
and resisting the signals to die. 


Genetic errors inside the 
cell tell it to keep making 
copies of itself. 





Most cancers begin when a normal cell 
lining one of the body’s organs goes wrong. 


To keep growing the tumour 


Cancer begins with a single mutated cell that divides and spreads 


As the abnormal cell 
continues to divide, a tumour 
forms in the tissue. This is 

known as ‘carcinoma in situ’. 


Cells start to break away from the 


Cancer cells tend to have errorsin genes 
knownas ‘oncogenes’ or ‘tumour suppressor 
genes’. Oncogenes are normally responsible for 
telling healthy cells to divide, helping with 
growth and wound repair, but mutations in 
cancer can cause them to become permanently 
switched on. Tumour suppressor genes, on the 
other hand, tell cells to stop dividing once 
growth or repair is completed, and errors in 
these genes can cause them to turn off. The 
result is that the damaged cells divide and 
divide and divide, piling up on top of each other 
to forma tumour. 

With their safety systems switched off and 
nothing to tell them to stop, cancer cells keep 
making copies of themselves with more 


Eventually, the tumour starts 





















mistakes in their genetic code, and this leads to 
Darwinian evolution at a rapid speed. Just as ifa 
wild animal hasa beneficial genetic trait it will 
be more likely to reproduce, ifa cancer cellhasa 
beneficial trait it will be more likely to survive. 

Cancer cells forget what they are supposed to 
be doing and gain newabilities, developing 
traits that allow them to hide from the immune 
system, survive on less oxygen, and even evade 
chemotherapy. But, most dangerous ofall, they 
gain the ability to move through the body, 
spreading to distant places via the blood or 
lymphatic systems and making new tumours 
elsewhere. But the more we understand about 
how cancer works, the better we are becoming 
at treating it. 





Cancer cells can use the lymphatic system to 
spread around the body 


Cancer cells become lodged in 


needs a blood supply, so it 
encourages the formation of 
new blood vessels. 


main tumour, entering the lymphatic 
system and the blood vessels and 
spreading around the body. 


to invade the local tissue, 
growing down into the 
connective tissue below. 


different tissues and continue growing, 
forming more tumours known as. 
‘secondaries’ or ‘metastases’. 









The first chemotherapy drug was developed using 
mustard gas, a chemical weapon used during 
WWI. Scientists had noticed that the poison killed 
the fast-dividing cells of the bone marrow, and so 
they adjusted the weapon to make nitrogen 
mustard, a treatment that could kill rapidly 
replicating cancer cells. 

Nitrogen mustard belongs to a group of drugs 
known as alkylating agents, which work by adding 
chemical units called alkyl groups to DNA. These 
interfere with the double helix structure, causing 
the genetic code to break apart. 

Other chemotherapies work in similar ways. 
Heavy metals cross-link DNA, preventing it from 
being read, Topoisomerase inhibitors stop the 
DNA helix from unwinding, and antimetabolites 
work by mimicking molecules involved in copying 
DNA, stopping the new sequence from being 
made. Anti-microtubule, or spindle poisons, stop 
cells from splitting apart, and cytotoxic antibiotics 
stick to the DNA helix, prevent unwinding, link 
different strands of DNA together or break DNA 
into fragments. 

These treatments are particularly harmful to 
cells that are trying to make copies of themselves 
because they target DNA replication and cell 
division. This is good for catching fast-dividing 
cancer cells, but it isn’t perfect. Cancer cells 
aren't always dividing, so some cells manage to 





escape the treatment, and lots of healthy cells 
also divide rapidly, too. Hair, skin and bone marrow 
(which makes blood cells) are all damaged by 
chemotherapy, leading to side-effects like hair 
loss, sickness and a weakened immune system. 


Pathologists examine images like 
these to diagnose cancer. This lung 
tissue should be full of holes 
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Around half of cancer patients receive radiotherapy. It is the most effective concer treatment ofter surgery 





Radiotherapy was developed in the early 20th 
century and works by bombarding cancer cells 
with radiation. When the water molecules inside 
the cells are hit they split apart in a process called 
radiolysis. This makes highly reactive free radicals 
with an unpaired electron that attacks bonds 
belonging to other molecules, setting off a chain 
reaction that damages DNA. 

Radiotherapy causes both strands of the DNA to 
break close together, a lesion known as a 
‘double-strand’ break. This makes the helix 
unstable and it starts to unwind. Cells can repair a 
bit of this kind of damage, but the more radiation 
they receive, the more likely they are to die. 

The most common way to deliver radiotherapy 
is by using a linear accelerator (LINAC). It uses 
microwaves to make electrons, which hit a heavy 
metal to make X-rays. CT or MRI scans are used to 
pinpoint the exact location of the tumour inside 
the body, and the X-rays are then shaped to fit the 
outline of the tumour. This is done by blocking 
part of the beam using sheets of metal known as a 
multileaf collimator. 

X-rays go all the way through the body, so the 
machine rotates to deliver beams from all angles, 
giving the maximum dose where the beams cross - 
‘over at the site of the tumour, minimising the Linear accelerators rotate to 


amount of radiation received by the surrounding deliver high-energy X-rays into 
healthy tissue. tumours from all angles 


Surgery is one of the oldest and most effective 
cancer treatments. If the cancer hasn't spread, 
surgeons take out the whole tumour and some of 
the surrounding area in case there are any cells 
that can’t be seen. Nearby lymph nodes may also 
be removed as these are often the first place a 
cancer will spread to. 

If the whole tumour cannot be removed, 
surgery can also be used for ‘debulking’, where as 
much of the tumour is removed as possible so the 
rest can be treated with chemotherapy or 
radiotherapy. Surgery can also be palliative, 
relieving symptoms when cancer cannot be cured, 

Not all lumps are tumours and not all tumours 
are cancer, so surgery is often used for cancer 
diagnosis, too. A small sample of tissue, known as 
a biopsy, is removed and either frozen solid or 
embedded in wax so that it can be thinly sliced. 
These slices are stained so that a pathologist can 
examine the structure of the cells and tissue. 

Cancer cells look different under a microscope, 
creating disorganised structures in normally 
orderly tissues, and they also display specific 
molecular or genetic markers that single them 
out. These not only help with a cancer diagnosis 
but can also be used to determine the type of 
cancer, how advanced it is and the best form of 
treatment to use against it. 

Scans are used té'find 
the exact location of a 
tumour for surgery 

or radiotherapy 


Robotic surgery allows precision 
operations to be performed 
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Modern techniques are zeroing in on the molecules 
and genetics that make cancer cells vulnerable 


Cancer cells receive 
signals that tell them 
to keep growing. 
Blocking these could 
halt the process. 


Cancer cell 
molecules look 
different. Targeting 
these could deliver 
toxins straight to 

a tumour. 


Cancer cells need 
a blood supply to 
survive. Blocking 
new blood vessel 
formation would 
cut off their 
1 fuel lines. 





Some cancer cells 
are driven by 
hormones. Stopping 
their production 
could slow growth. 


Cancer cells don't die 
even though they are 
faulty. Targeted therapies 
could switch self-destruct 
systems on, 


| Targeting cancer’s weaknesses 


Stas 
















Fal estescie 


Cancers have distinctive mistakes in 
their genetic code that could reveal 
weaknesses. 


Cancer cells can be tested for the 
presence of molecules that single 
them out as defective. 


Individual patients could be matched 
to the treatments most likely to work 
for their unique tumour. 


+t 
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Every new treatment has to poss through three phases of clinical trial testing before it con be licensed for use 


Sensors detect carbon 
dioxide and pressure for 
breath monitoring. 


The device is 
currently being 
trialled to find out 
whether it is 
effective for lung 
cancer diagnosis. 


Strengthening your immune army 


T-lymphocytes 
PD-1 
receptors 


4 


Your body is equipped with an army of ‘killer’ T-cells: white 
blood cells that patrol the body looking for trouble. If a cell 
starts to go wrong, these cells come in and kill it. 


Immunotherapy 
blockers 


‘Some of the new immunotherapy treatments aim 
to switch the immune system back on by blocking 
PD-L1 on cancer cells, or its matching molecule, 
PD-1, on T-cells. 


Single-use masks 
with a filter are 
used to blow air 
into the device. 


The breath is 
‘separated into 
fractions and stored 
in two pairs of tubes 
that can be analysed 
in the lab. 


The inventors hope that 
detecting traces of chemicals 
called aldehydes and ketones 
could predict lung cancer. 


Cancer cells develop different ways to evade 
this natural defence system, including coating 
themselves with a molecule called PD-L1. 
When T-cells encounter this molecule it 
switches them off. 


PD-LL 
molecules 


The immune system is then able to 
see the cancer cells again and is able 
to send them the signals that tell them 
to safely self-destruct. 
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MEDICINE 


Expert opinion 


How It Works spoke to an immunologist and a research 
nurse about the future of cancer treatment 


The immunologist 


DRC BE ae ele eee oe Ly 
cancer immunology at the University of 
Southampton, one of the country’s leading 
Penge mune accel 





Could you tell us a bit about your research? 
What are you trying to find out? 
SUM ate mr Mca 
PMS meee Ree kK tse ce a 
Te Mur ee ened 
PCR M ts mee Ewer Maer aad 
SEC Rel Meme eee SLL ed 
PCS Ree eR MCN ech RTs 
ROR es eae eee 
Meet ome Gre See kn CRN eer s 


Edd is trying to help killer 
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Cells show the 
immune system 
what's happening 
inside them using 
MHC molecules 





ae Sc dee) 
do this and how to either reverse this process or 
Peet erent mec ol ok eee 
cancer cells through changing what the MHC 
eet sein 


Why can’t the immune system just kill cancer 
cells on its own? 

A Ce UU eS Cee |) 
Remo ee cl ee oe 
without us knowing about it. However, cancer cells 
SE mM CRU ON OR aU AR 
system from finding and attacking them, In addition, 
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that suppresses the immune response, thus 
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How does immunotherapy help? 
ER tune me ea ace 
Eee ACen tales Mua 
DRE eu eR eer 
Cae Deer cue Om 
EE elk a ete ee a eee) 
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targeted cancer cells to the immune system. This 
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pee en era eu kus e tees 
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immunotherapy better? 
sce ng 
ie seen uns ice aes 
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success. In trials these are working much better. 
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Do you think we will ever cure cancer? 
BS ONES eT Cr ree Cle Muu ao 
Pe eae meme mmc ent teks 
the molecular aspects of a cancer, and how to utilise 
the immune system more effectively to kill the 
CA aise erecc ace tucn ent 
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“Many cancers will be 
chang 
short-term illness toa 


rom a relatively 


chronic disease” 
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DID YOU KNOW? Phase 3 trials compare new drugs to curr 
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ward, and you obviously go into nursing because you 
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new treatments that are not licensed. 
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De eae ee eu eC ea 
doesn't work any better but it doesn't have such bad 
side-effects. Or maybe, instead of giving it via 
COMO mura CRE Cait) 
Coe Rc 

As aresearch nurse you're delivering those 
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be analysed to prove how well something is working. 
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clinical trials testing brand new cancer 
treatments for the first time 
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don't know how it works. Even if it’s worked in an 
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For more information about cancer from the NHS visit 


AC Se eu ee eee c ae Ug 
EAST ee OMT OA Rese een ek Ole sek eae 
EEN eu) 

Need to talk? You can contact Macmillan Cancer Support on 
0808 808 00 00 Monday to Friday 9am to 8pm. 
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and they will test it in a cell line and in an animal 
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Scientists have so much more understanding now of 
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blanket term for several different sorts of cancer. It's 
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great, and yet now you're seeing patients with 
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Peete h 


UST RTT Sa TUE TE TT 
Ta Tee 
TSS hire a ORC NVM LCUCOMMs (ole RCo) 
be one single cure for cancer. The trouble is cancer is 
PTTEne eR Crue ChAT acon Cen 
eee ee NB me SAU kere rag 
Peat koi mu Curate en 

Tn ee C ec ten eRe ner any 
Sa RCM RULE acukel@ CBZ R Us 
ten or 15 years you're going to see big breakthroughs 
ee uch hae att er icine em adn 
Pee RCacchic a maurice 
Ae Rec Rees (Sem RL acm) 
Tt en SL Cea 













Bree eee eee 
experimental drugs in clinical trials 


nag 


nt drugs to see if they're more effective or have fewer side-effects 


Cee 
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1 Life on Mars 
| @) Could there ever be human 
populations on Mars? 


12 Osiris Rex 
. This mission will bring backa 


chunk ofasteroid 


, 130 Paste [Byer [eyed gg 

j PVC fer] 
Take a peek at the world’s first 
commercial spaceport 


Could we live 
‘on Mars? 





a 13 Biro wee: omy 
Be) Tae 1] 
Want to go on holiday in 
space? Here are our tips 


r 13 Farming on alien 
x planets 
3 How could agriculture 
j survive on other planets? 


13 Ura Cem lamest 
and future 


| Take a lookat how far space 
travel has come 


i 


13. Living on the moon 
Discover the pros and cons 


about moon colonies 





Wes) 


elt key mtg} 
Osiris Rex 
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A brief history of Mars 


Rel R lg Rie Rir lle) Boks lsh 















ery Pre-Noachian Noachian 


Se ed he cee ea et Ne eee NA Reece 
aes Sea De aa ace ee RC ee ons 
Rec pounded by asteroids. pee ace) 
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Mars may now be coming out of an ice age, as there is evidence that its polar ice cops a1 





nSeptember 2016, SpaceX founder Elon Musk 

announceda bold plan to colonise Mars with 

humans. It made headline news around the 
aCOele REVO R MUNI Meat accecMCcat bool Oecectale hese uy 
oaliesm decor B Ce Rieke uae ed 
(oases a Eves 

Today, Mars isa barren and inhospitable world. 
With an atmosphere that's 95 per cent carbon 
Rolly sR Cn acne OCR US Rea 
CSTE eRe h ir alee Meee clade 
habitable location. But several billion years ago, 
we're pretty sure Mars had vastamounts of water. 
AVXec rinse (oleae Men CSR Vat le.}e) oan 
Te) carved by rivers, empty lakebeds and 
(oe Keer- tba so 

The big question remaining about Mars is 
STU a Cre OR ACLS Mn Meee (ele 
Itis unclear how long the planet hadsurface 
SV IClm COED BMH CMAN eM AVode oes oat ea telt ty 
SOM IT CHCOMMN GLU EULS Mc Lele) HUE Lg een NTL 
microbial life might have taken hold. 

Two upcoming missions, the European 
OE eee OU Me RP e Ler) 


Water 


VK.COM/WSNWS 


melting 


rover, will be endeavouring to answer this 
OSC sa OEE ate 
Om Onicia rca b tock e 
Mars exploration. 

Atthe moment, NASA is hard at work ona new 
Foe lacu cielo b cee Clee a vee copes) aCe 
Marsin the 2030s. Their goal is to further the 
ee Occ lU ROACHES eet email ee 
create a permanent base on Mars. 

Then Musk came along in September 2016 and 
Tne cH enh et cms ETO RAT 
working ona giant rocket that, beginning in the 
2020s, would start launching people 100 ata time 
to Mars, with the goal ofa million people settled 
tetaccd ey aeedetrenteaeltecealiaa 

Marsis back on the agenda, and even if there 
DESC a ede meek LL 
TSM CHE Tope iy sce eneee eb athlaae 





‘We're pretty sure eae 
Mars once had vast Er ee 





the Red Planet 


amounts of water” : 


No magnetic field 


A thick atmosphere and magnetic 
field may once have allowed 
water to exist on the surface. 


Scientists have recently 
observed what appear to be 
ancient coastlines on Mars. 


fats ol-1ar 1a) 


Ne Cee Ome) 


to ice as temperatures dropped 
during this period. 


Martian seas 

Recent evidence suggests the 
northern hemisphere of Mars 
once had more water than 
Earth's Arctic Ocean 


Purell 

eee ser Ne 
atmosphere left much of the planet smooth, 
Ceo eee ease 


Without a magnetic field, the 
surface of Mars is subjected to 
intense solar and cosmic radiation, 


Thin atmosphere 
Today, Mars has a relatively 
thin atmosphere, making the 
pressure too low on the 
surface for liquid water. 


No surface water 
Any water that was once on 
the surface has long since 
boiled away, but some may 
remain underground, 


area le 
Re Eu ec) 
Ree Raa en 
Rea a 
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Searching for 
signs of life 


How the upcoming ExoMars 


and Mars 2020 rovers 
study the Red Planet 


PanCam 

This panoramic camera will 
be used to image and map 
the terrain on Mars. 


Sey Nels S r Infrared Spectrometer 
conducted a flyby of the Red Plant for ExoMars (ISEM) 

i . 2 Working with the panoramic 
Dee OU Dat camera, ISEM will use infrared to 
then, we have learned a hugea select targets for further analysis. 

io 
ROSCOE eesti) I 8 : 
ONT ATLAS LUCC EE LAN CCeLo " Adron 
i . 
When we first started sending n Raman Laser . its inesratoete wi pewch 
ae jor subsurface water an: 
NED e Ie M CMI NT Ta i cE = Se Tee aici — Z help to choose suitable 
But over time, we have been able to painta will attempt to find organic targets for drillin 
picture of what this world once looked like. compounds and signatures of 
MURR eV KO Rel av ep \ kei lel cis trom life inside samples. 
OMENS UMINC IR OMA Cni cai ialse} 
STC See I CEeBee RAL COey 
NASA’s Viking landers arrivedinig76and were 
the first dedicated probes to search for life. 
Results were inconclusive, buta fire was stoked in 
Martian exploration by returning the firstimages 
Mea ACunT aici Close-up Imager 
failedattempts, itwouldbeanothertwodecades  Mwavmpalneieiiiaia” 
: will help take high- 
bel Rent caalc tastier MOVE Lest SS Ot /atsIA Kc) resolution images of 
Mars Global Surveyor launched in 1996, and rocks and features with 
MM EC ET era et aNEl sols ktTs Scere nisest. 
surface and provided much of the data needed for 
later missions. Excitingly, it also provided 
aCe Cae CnC Les 
Our first roverarrived in 1997. Sojourner 
EVEN b re Coch en Okie 
features to Earth. In 2004, the wildly suecessful 
Spirit and Opportunity rovers alsoarrived, with 
UE LC maT EURO eRe leche 
PLEA ROMS OR Re LG ta sla RCL 





















which landed in Gale Crater, and hassince a 

discovered this location likely contained an 

Eevee lM EV Come MCBIVE Voie vic eye Mmeetsicteloy yt (om Paiaay 
has helpedus discover how solarwinds 

destroyed the Martian atmosphere. Drill 


TMU E Ie ROB CnC cee AL ey A drill on board will collect 
Pea aT CHC errata tones onset nl samples from several soil 
types, reaching a maximum 


AVEC Mn keen s depth of two metres. 


Mars Multispectral 
Imager for 
Subsurface Studies 





This instrument will help 
study the mineralogy of rocks 
encountered by the drill 


PW ea mln Tre 


a AE ER ace Rue Ree Bir licl Buea el 





Elem) Viking 1 and 2 > Peli it ce 

DS tne eee bac Ed ON ae eae Pe ea Rare cir 
Re Se ee eae a eC Cera aeearst pr 
Tee et ue gis Dee eer trim Beene kicrew 
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Dato from Mors Odyssey suggested there was enough ice under the surface of Mars to fill Lake Michigan twice 











Mars Organic 
Molecule Analyser 
The biggest instrument on 
ExoMars, MOMA will directly 
try to find biomarkers in 
samples collected by the drill. 








“NASA's Vikini 
landers were the 
o first probes to 
7 search forlife” 


NES Stars 
ee eee oT) 
San 





Mastcam-Z 

This advanced camera will 
take panoramic images of 
Mars, and work out the 
mineralogy of the 
surrounding surface, 


RIMFAX 

This ground- 
penetrating radar will 
try to work out what 
is going on under the 
Martian surface. 





Curiously fami 
The Mars 2020 will be 
based on the design of the 
Curiosity rover shown here. 


ir SuperCam 

This instrument will be able to. 
detect organic compounds in 
rocks from a distance. 


PIXL 

This instrument will allow for 
a more detailed analysis of the 
chemical composition of 
Martian soil than ever before. 


Mars Environmental 
Dynamics Analyzer 
These sensors will measure the 
temperature, wind speed and 
more on the surface of Mars. 


MOXIE 

This intriguing 
instrument will attempt 
to create oxygen on 


SHERLOC Mars from its carbon 
This instrument will use an dioxide, with an eye on 
ultraviolet laser to search for future manned missions. 
organic compounds on Mars. 





Hidden 
water 


There could be ice or 
even liquid water 

Rey eRe md 
ETA Earl) 







cet 
eee creak 
Bice as ete 
De en ee eas 







1 TTT Col ed 
Nears 
Deneck) 
Perea 


Crean 





Mars Global Surveyor 

Toe eee Tass 
Pease PEM Pao metres ceri) 
Re aetna eae 


Mars Odyssey 
Rhett) 
be huge deposits of ice and water 
Dee eae 


Curiosity 

te mera Raa Cu 
ROE ee came eae 
Ee eels) 
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| SPACE 





Getting to Mars oOo ag 


revealed his bold plan 
How we're preparing formanned 1ae [1mm 8 (8 ae 
missions to the Red Planet ™ 




































Bi-Waee (ol 


Brae 
ERM hee cay 
Pe ese en in era 
Deen ran Aen 
the most powerful rocket ever 
Pees sens 
eRe ICR Onc kore 
Dee eee ics 

First up is NASA's Space 
Pere Kec 
117 metres in height, this 
heavy-lift rocket will launch 
Een e Mee htRete hh Elem es 
escasit neues te) 
PO CRU WRC Rees 
urea a aries 

Nie MS aera g 
eae eevee ieee 
Rea Re 
MC enSe MUCUS Cau! 
(ITS). At a height of 122 metres, 
Mean ones end 
Coenen ea 
Pee A UCe om UCeca sy 

It is likely that Russia and China 
RR eeu hy 
Mars over the coming decades 


} .. i oe 





Practising on the ISS 

eee ene ee ere 
Ee eS Seen Ed 
Dea ee nod Cems 
SOME Cosh a 
OE aes eae 
ieee ese arene 
RU coun ane er 
eee un nen eosckc a) 
Trea ees Mee ho 
Dees 


SLS Rocket 

DUSTRY ere Reo 

Se CUR ears eur ines 
ere Sate ear} 
Pn RE ecm 


TS eon 
Treg euceied ? é 
Uns 
Come 


NASA's crew capsule 

De eer aS Lg 
Oe ene enue) 
ce Une er tc 
PU ROR ec ec Rn 
Tera me Na ea 
Reg mse msn oy 
Res caer aa Ce ut 
Reese ccn 





Journey to Mars 


Seu Mi Rn ee ratte) 





edits) BEA 9 pie) t} yiiye} 
International Space Station Exploration Mission-1 Asteroid 
Missions to the ISS will continue until SE Euan keto Redirect Mission 
Pee Met a ene eee einer co Ce Oe Ed 
Re cdi the first time in 2018. 


Peet oC init mete 
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DID YOU KNOW? No humans have left Earth's orbit since December 1972, when Apollo 17 made the three-day j 






























a = = = HI-SEAS uses a dome in Hawai 
Simulating a Mars mission simulate Mars missions 


CP ens) Resse eg ce ecg a 
PEM eae Mes occlu a ea a 
PEA a ales ea Mo ele eer a 
TRU ce 

Meson nese RCS ea tt Ure 
ECD ROE een a AO) Wt nsec hae cane heat) 
RIS CRS Reece a Rit te ous aa eeu 
eS Ren a aeRO ake cee em Oh nice ter ears 
Fe RRM ROR cece nme ar ec 
Rae el econ Ct 
Ceeen ct aeucs 

Ie Ree cee a unm el 
this programme was to see how humans would cope with isolation 
NOS eos eh Cn nen cy 
Cee nh ne acura era uence iss 


Deep space habitats 

ene en et eC 
so astronauts will need something larger than 
Be hcg) 
Meee eee ake 
PRCT Mek ccs 
Sn et emcee tm 


Bs) slele(ematel elated 
Toe eee 
DN aCe 
Reckoner nr) 
Beem an 
cena Gear eae 
Ree a 
Bee ee aS 
DUVET celeron EE) 
PCM cic) 
Te CRM UR 


Ce ra te 
BUCA) 










Snagging an asteroid 
SES Ena ene tesa hes ce) 
chunk of an asteroid and redirect it into lunar 
orbit. Astronauts would then be sent to explore 
Rearend Cou eeu Rut ea ure - 
De Ream — 
Sees gL 
SN Menace 





ration by Adrain Mann 








D p 
fz: a 
2030 PLE} a _— 2039 
The Moon Laie) = Mars 
CPE Ca ea) SMa Mure] Cea gg Peele 
Petes ne Dee ue) E RS cn ay 
Deen esas ea Pee Peg eetcesed Ces 
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Humans on Mars 


What will we actually do when we get to the Red Planet? 


Ofall the aspects of sending people to Mars, what 
life will actually be like there is the most 
speculative of the lot. That’s not to say people 
ie WoeMadarotrsele:leleuieiem eee acid ened Og 
sure how humans will survive there. 

MMe poh AM meen site 
missions to Mars will involve telerobotics. This 
RIEU MELO a Dem oan) UL een aL SS 
Martian moon Phobos, and operate rovers on the 
surface. Without the communications delay that 
evade) eho Cme ene eels 
PUN o mio cye Rec le Me MeL Le cleo 

Eventually, though, humans will set foot there, 
aC Valea ae ens NUL Lay 
OPM CRS eT eV TUM \U erede iaeaCcDeeTuLe ET er 
Vib Keene ete NT anole oka oka seen 
EVRA Hee eee acl 
to be seen ifhis plan to havea million people 
living there by the turn of the century comes to 
Paton menor 

MNS CEC NACE biye) ec biel 
more realistic. Think along the lines of the Apollo 
PISO MMU RecA CHa Lar ACO 
PIC C NL ee OVC tes Oe BNA kOe BC 
years, before returning home. 

SNe cre BIEL CME LMS Anusha 
Pop ereel tlre vee ees neta V Ett ty 


Mars Ice House 


This proposal won NASA's 3D-Printed 
Habitat Challenge in 2015 


Ice, ice, maybe 

As its name suggests, this 
structure would 

entirely out of 


Explora' 

Astronauts could enter 
and exit the structure 
with ease, allowing 
them to explore the 
Martian surf 






Ledges ete) 
Sen Se 


Pete CuLas 
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Terraforming Mars 


The steps we'd need to take to make Mars habitable 


See eu pag 


“People have long 
dreamed of turning 
Velcon] ee a eee) 

like world" 


soil. This will provide a barrier against cosmic 
and solar radiation, keeping the crews healthy. 

Mace Beale (ed een 
pee) SEteR egal hc each bu Lali 
use of this will be important. Depending on how 
Eades WER EEE Web OCLC IE} 
EY CM eur eee aor aa oe 
underground to support a small Martian colony. 
MUNRO omen ehe sett eb oke tales 
MC gets Inne lg 
Penn op eco io a 

With humans on Mars, we will be 
able to explore the surface like never 
TSC Mey RaUI Mea are LO 
OHO n meee ea 
eres) ROR TENS TLSE 
EVEREST CTH E 
Rohe arUte| 
feloeecyeste ine iehio he 
EU ae te Cd 
rN Els 



































The dome 

Before a crew arrives, robots 
turn the water into ice, and 
create a layered dome that 
can house people, 


When completed, humans 
would be able to live 
inside the dome, growing i 
plants in sunlight. 


r 
= 


Water 

Subsurface water would 

continuously be mined to 
re-supply the astronauts 

and keep them alive. 


acd 
CROs Cuneo 
DOM ca cas 

Tee econ 


Colonisation 
Pare 
Cote a 
eae n cs 


Melting 

Esha aC ac 
Cente oem 
See nena cae 
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Other places in the Solar System like Europa and Titan may once have played host to life, or perhaps still do 


Beto eee De) 
Pann nner ctu eee 


This concept from Team Gamma uses 
Radiation semi-autonomous robots to construct a 


The icy exterior habitat from the Martian soil 


would give 
protection from 
radiation, meaning 
these humans 
would not have to 
live underground. 


Location 

The habitat would 
be built on land 
where subsurface 
water was easily 
accessible, 


Peet 
Re ea 
Been) 
Cee ee 


ray Bais 

Eee motor Dem oo aay 
eee ce a Perce CRUe Rep On enn Cte an) 
eon eos Ceres m t 
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OSIRIS-REx aa 


AT ec | S 


How this mission will returna Rena ~ 


ete Vastu ee 


chunk of asteroid to Earth wa 


shetacheet SiC VMAM aC Ruled oRee CALL abby t 
Ls Cy Mea CMan el Osseo E 
PHENCOAEVB Te eTte des cree Mead veel GN&C LIDAR 
DR eCU CER ener erete ann nn elec a bs Reo 
butin 2023, it’s all set to change. Control, will 
NASA‘s OSIRIS-REx (Origins, Spectral the range to Bennu during 
Interpretation, Resource Identification, Security, sample pcoule}uon, 
Regolith Explorer) will return the largest 
extraterrestrial sample to Earth since the Apollo 
SINT OAMARU NETO TIC ce (eb lelecl Croke aves eneatkeee aed 
Mars. Launched on 8 September 2016 from Cape 
Canaveral in Florida, OSIRIS-REx has begun its 
Ae acta (eben a Cone rCeretaccce Ce bsselel ayaeaeyltiCoyey 
Pelee 
The craft, measuring 2.4 by2.4 metres, willarriveat 
SSE eee eS eh oc beacCm aT 
use a roboticarm to graba chunk of theasteroid, 
anywhere from 60 grams to two kilograms in size. It TAGCAMS 
SUT TSN Len Che Cees meen Cott Lany Additional cameras, 
Mi eC cern Orr ateUSsoneeeees Se bea 
TEN ae Oem TEM 
ofunknowns. For example, thisis only the second are able to snap extra 
mission to try to returna sample from anasteroid. The 5 ne mple 
first, Japan’s Hayabusa spacecraft, ran intoa number 
Cee ens TIE ML TE ees 
including the process ofactually collecting the 
sample, and only just managed to limp home witha 
tinyselection of rocky grains on board in 2010. 
lane ea iui eda) lala Mem tte CC 
LUV TULICE TOP MNT MONCE TRO Steerer tells 
understanding of asteroids -andalso perhaps 
preventinga deadly impact with Earth in the future. 








“OSIRIS-REx will return 
Mission the largest extraterrestrial 
raat tiats) sample to Earth since the 
pokes cesar Apollo missions UY 


Br UC) 
CUR CR clat 














pee 2. Gravity assist APY yea rao 

8 SEPTEMBER 2016 23 SEPTEMBER 2017 AUGUST 2018 OCTOBER 2018 
esa a erect) OSIRIS-REx swung back past BU eee eel pes SS are ce) 
ENTER aed LeU Ce Bese RUC bee eer eu ut) CS ama ud 

from Cape Canaveral in Florida, ‘Sun, DT Bieber a ice DT ue Pee eo Ere ee RRC) 
and started its two-year journey Earth's gravitational field EEA Aouad Sicko ke tae Rey 


ont perce Seu pee Recs OnE re 


avs) 
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The last US spacecraft to return o sample to Earth was Genesis in 2004, which returned particles of solar wind 


SRC 

The Sample Return 
Capsule (SRC) will use a 
heat shield and parachutes 
to safely return the sampl 
to Earth. 


Solar panels 

The spacecraft’s two solar 
panels generate between 
1,226 and 3,000 watts, 
depending on the distance 
from the Sun. 


OTES 

The OSIRIS-REx Thermal 
Emission Spectrometer (OTES) 
will use infrared data to 
determine the minerals and 
temperature on Bennu. 


OCAMS 

The three cameras that are 
in the OSIRIS-REx Camera 
Suite (OCAMS) will be used 
to image and map Bennu, 
as well as record the 
sampling event. 


REXIS 

The Regolith X-ray Imaging 
Spectrometer (REXIS) will 
work out what elements 
are present on Bennu. 





The OSIRIS-REx Laser 
Altimeter (OLA) will produce 
a 3D map of the asteroid 
and help pick a sample site. 


a ey 


oN 


cea 
Eee eed 
ee 
from Cape 
enna eac cy 














sax 


f 


High gain antenna 
Tl large dish is used to 
communicate with Earth 
throughout the duration of 
the mission. 


TAGSAM 

The Touch-And-Go 
Sample Acquisition 
Mechanism (TAGSAM) 
will be responsible for 
collecting the sample 
from Bennu's surface. 
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ala 


Came eei) 
3 MARCH 2021 
eae] 
Dan Ue 
extend a robotic arm, and fire 
Pe Rau eye ue oe) 
ol ce ec s 


OCTOBER 2018 
Pee cen 
eee Sea 
ee ee 
rT had 
core 


7. Ejection 

pe | yk) 
Rie ean 
Pes Ss eure acc d 
return capsule to journey 
Em eee 
Deen eter aes 


poe east] 

pe i 3'):)3 Pye) 
See Ree 
Dee ee eee 
at an altitude of 3,000m, 
Pee ae is AE) 
Poche cecas 


ee 

BEYOND 

A) a ky 
Seen ead 
eet ee eat aed 
for organic compounds and 
Creer eae 


129 





ET 


i SPACE 








Inside 


America 


pores) oleae. Nula (cB tLe melee Cait 

On Mie tne metic tit eee 

Foray deen eee bew tells) Cost h( 
10,000-square-metre terminal building witha 
SLY REC HANNAN cia ORM eC 
Jornada del Muerto desert basin in New Mexico, 
US. Its ambitious organisation is ona mission 
DEN rere oe ee teesss lle ECE Ts 
eee Cole tN ae 

The $200 million facility was designed by 

UK-based Foster and Partners, and funded by 
New Mexico state taxpayers. It was built to 
mirror the spacecraft that it will one day house, 
WUE: MUD AU eRe A VOTRE Lek MOL Clot 
Oe Coane Cane mucha CNA 





SUC SU UL CRU 
CTC 


MAE 





‘OBMNIA FPYNNA “What's News” VK.COM/WSNWS 





Spaceport 


The structure sinks down into the ground to 
eb inetsuar saciite ulema heat eats 
through to control the temperature inside. Like 
ERcheck lesa eicesiclrthetlitec) 
departure lounge, but it is also fitted out witha 
COURS eae eee EU oe 
suits, and training facilities for flight 
preparations to be carried out. 

MVE eee eee mO eB RL b eR UIUNE 
NTC Cuts eee (ceo CneT 
the primary tenants back in 2008. However, it 
has been a slow start for this ground-breaking 
project. Virgin Galactic plans to use the facility 
to take passengers into space onboard 
SpaceShipTwo, but after a tragic fatal accident 
POM ye nO RO aCe 
years behind schedule. 

Anumber of smaller private companies have 
ROM aC al eek eee ty 
have been made, but this is far fewer than 
ye El Nog ere Meee RUM ey BPS y 
money. Time will tell whether Spaceport 
America will achieve its dream of becoming a 
bustling hub for commercial space travel. For 
Dre WB LUE O LN eee LL on ele hi 
tory ecu ce ar Cy cece BOM Cee 


The runway is 
almost 4km long 
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In the town of Truth Or Consequences is 
the world’s first commercial spaceport 


Catching a spaceplane 


TOR Me sees cee 
Mtge Coie im ctioes ith 
See eee MC iene ces re 
Virgin Galactic intends to prep their would-be 
Senn CM cin gi MATa) 
course on site. Health and safety is a priority, with 
emergency response taking the number one spot 
COU Eun Reap crs ee eek ed 
Puan a a eon ee 
Pe EI Rcn Cie acm en Cue 
Sea a Ue en a aT ET 
eee ECT een iis 
Persie CCC un mr keane kar 
Pee esa Mauka 
eae eee heen een) 
een ee eae tgs 
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There are plans to build a British spaceport, with locations being considered in Scotland, Wales and Cornwall 


rs Building the 


SCC Mis 
Ree a 
eerie RED spaceport 
British company Foster and 
Partners designed Spaceport 
America to be energy efficient 


re ee Ty 


ry 


ATE Leta) 

ae 

cele Retest e ot 
Local Da Rc ce: 
Cur ad 


eae ee eB 
nee kkera nd 


I) Underfloor heating 


Riera) CeCe UCT Maths) 
Rea e a ieciod 


Kodiak Launch Complex 


Ce REE AUme mS ceded 


® Mojave Air and eens iz 





“Like a standard airport, the spaceport 
has hangars and a departure lounge” 
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A TRAVELLER 
GUIDE TO THE 
SOLAR SYSTEM 


Join us as we embark on an epic voyage to the must-see sights 


oday, space travel is the reserve of 
| Mens Cleverley tes 

Ey oue oct behest aly 
Luter coreneliecTes ia lcom aut \mesee uel (aat 
UTE lames) ELC EL cer) Aone 
Perey OMe MIST Neer Te) 
travel will have changed too much, barringa 
Sito mec adele COEUR UI BOC 
still launch into space on rockets, or maybe 
spaceplanes, and journeys around the Solar 
System will still rely on using gravitational 
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EROS oe og eect Oh O tee itl 
Cele bets ems eco etree ties rll renee 
PP n air LMC LCR eC era aa Sd 
Solar System, which would-be space tourists 
Coon Paice Bale RUC ieee inmost noe 
WUC eee ect eerOac Leecher erry 
po) ETWoM nV abet aCol el-t 49) 0) eM ETON BLO A 
both Marsand Venus possess features that 
ENR esas tatee cee eRe een le 
EN HM MCMC p a etm OL’ 
USCA AOL gue Ce ele beta e ERE EE LU o 


huge underground oceans that could harbour 
some form of primitive life, while Jupiter itselfis 
Peele enV EELS B LADLE} 
atmosphere that has raged for four centuries. 
Whatwould it be like ifsuch destinations 
were within reach of the average person? 
Pratl MD OME Re oar neloe LU Toe 
we would have tourist brochures describing 
some of the fantastic holidays you could venture 
Dorsey UME ALES ep elen isch aORt 
SUI La tae ICO aCe ec BUN Tnle ele) atl com 
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U KNOW? In1995, the Galileo Probe was sent into Jupiter's atmosphere — and was crushed in just 78 minutes 


BA 


An Earth-like 
alien world 


Tired of Earth's poisoned waters 
EVteh sro Cree sera Ua ]E 
Rae CON NA di le 
vey ANU TU BEN Cost: Me RSTO nny 
ASEAN RTL) 


BUEN MTA Teter asa etels 
Ne ORU ei RU aes ins 


OMe CLeMN IED ces 
rere COR) 

square kilometres 
the Caspian Sea here on Earth. 


SURI 


eee aan Lele a (oles) 
To TMV sah 
yada erp emus e bled) 
TMM ee TET Nae 

Above you, you'll be treated to 
the most Earth-like weather 
(OPE LCH Mie C beh 

EVE aieue Tate aer lie ele) 
CMS Ca erate third 
Mean CRE Tals yc 
Lote L eee aa tea 
MECN MMC a tats 
wisely, asit only rains once 
CO BRC h TT 

eae epee Mota 
rokeog sae MNES 


Me me) 
Temperatures on Titan's 
PCG cokers 
oeiis cage tac 
ETM Rage acsy 


ae Sed 
[Nemisis ne 
Pee eet ean 
Pelee crac tis 
Beanery 


TITAN 


Sie Maun Ceara eel 
dunes to the frozen, icy plains, 
take your time to explore this 
SreHCE NCE p ence et ten 
the trip ofa lifetime. If you're 
LITaCOB eee COR ee 
first man-made spacecraft to 
aCe mmimeneie cle 
- the Huygens lander - which 
arrived back in 2005. 


Sueur tet ec 
Regen easy 


Possible 


Me eer ( 
rocky core 


Esa) 
Elites -e-y 


MTT eRe lite 
drogen 


Liquid 
molecular 
hydrogen 





ERO nur eel ching 
aaNet 
bigger than anything on Earth, 
Soe atcom ee eee muir al 
OLN Meese 
EMSS TT ISO ELEN con ma NTS 
gas giant hasa thick atmosphere 
Co) aN fol gonesveCeBe Ub FLUTES 
liquid metallic hydrogen core 
Maura Taurean esc 
tie SA OPTI am OL oS} 
Recta e net teitn cles 
Cet O Reta 
be leaving the spaceship - you'd 
tensile E htt 
complimentary cocktail. 
Ahighlight will be the Great 
Red Spot, a giant anti-cyclone 
that has raged since the 17th 
Selig ANU Dee A LOH SbiLg 
inside the storm and the 
Te nTeaT yep Reet Cope) C 
casi nieleneae tetas cae 
Mea M ene enceitT| 
pier se eka ose uic hel 
aurorae atits poles thatare 
yoga eens saat) 


Eye of the storm 


SCO 
Nearby destinations: 
reece a aC) 
Pere er ce tid 
ee Lo 


eae ele 
CEES ace) 

eee 
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MARS 


Look into 
our future 


We haven't got round to 
ene eet Rec hOB eee 
NAUr elas eCcpeia else tn el ae) 
Pal Rae anal Neyer ae 
J SEVA UO BUR WCU eye R creo LTC 
PVM MTR teense JEN) 
host to vast oceans and seas, but 
is now barrenand dryasits 
atmosphere was stripped away 
by the Sun. Ona trip to Mars, 
Welt estnoods) (oh Ccuancebute ne eho 
Evie Rede im elect MRO) i) 
Meese tate ceases 
That's notall. Stretching 
Caen a Cleary 


are ela 
sulphur core 


ie 
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Seas ad 
Dyas iar ee 
Ce oa 
eeu tid 


Boe ee 


vast canyon system known as 
Valles Marineris. Itis 4,000 
kilometres long - nearly ten 
times the length of the Grand 
(ems utl anteaters 
eae) 

aM VETS Cent 
Fl Oha au Se oan cle 
Olympus Mons. Spanning 624 
ROS TecoB Ree a) 
Roa nada evar eRe Te] 
uO oa eae a uae te 
SOUTER eh vent arena Tans 
ITS Aree alsa ORe bln eels 
Sune ula 


rT Rg 
errr 


ENCELADUS 


Aworld of ice 


Na ream Na ante yy 
that impressed by Enceladus. 
Peon eu eee Ce 
itis only the sixth largest moon 
ETOH RRC eke osiis 
ere een tT ann ey 
Te wilde kel (est em UCN AEDT 
you'll quickly discover a rich and 
fascinating world. When you 
arrive at Enceladus, the first 
ATT ACOA tee Se Cela erat 
itis. In fact, it reflects almost all 
CUTE a ene anne 
lee ec ee heute ees 
eM SET Kell ecce UVLO R Ls 
canyons up to 200 kilometres 
Oo Mey rahe craton eres s4 
Teen bleLen es he 

Poetry SU ee Coe 
though, are the cryovolcanoes - 
SUSU Ee telele eae a CN eS he 
the south pole that are 
responsible for powering 
hundreds of geysers. The source 
of water for these isa vast 
Erste clekdescn a cnaniea og 
PiCbbloeus- lees aaa ColtSEbeLe| 
EIB G) apie elegy a 
Saturn’s moons, Dione. Small 
though it may be, this moon is 
full of surprises. And who knows 
what lies beneath the surface? 
Ste) riTons NmeeC Rae yece tee ep ith als 
bat -snlecoaseyeile Ce) ereke ge ebinnenycs 
life to exist. 


SAS Led 
Dea Stu ed 
BO 
re eo ety 
-200 degrees Celsius 


ENCELADUS 


Pe ee eC mes 
MUD eae 





EUROPA 


Search for life 


PSN RCE RCE 
alone in the universe. But one of 
our best bets for finding life ona 
Wee CRO metc Tie tabu aol 
Europa, the fourth largest moon 
AMR CL MCR 
part ofan exciting discovery. 
(eam Maia ice 
eRe Ree Neuen 
same face of the moon always 
Pa aCe Renee 
Mae aaa NT 
elliptical. 
pulled by the massive planet 


giant 
Soest ut 


This heats its core and, beneath 
the icy surface, allowsa vast 

CY MET RRC 
VN eoC ELON ote aL ode 
BUN Haon ct a CS TOnelty 3) re 
Pee oe eee 
STUER eM belCe mee at Teer) 
might be habitable. 
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may have had Earth-like bodies of liquid, such os oceans, on its surface billions of years ago 


Journey time: Five years 
Dee tier 
eee) 
Perea cuties 
Be rset ted 


a eecet nee aaa ty 

CS oe eect ae abt 
criss-cross beneath your feet, 
where the icy surface has been 
pulled apart, revealing warmer 
ES Naan mre 
spot so-called ‘chaos’ regions, 
Ui leaeal ae Renton a aele) 
UO REVUE RCT nat) 
eres east seen latte 
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Yo) setepbNcoBim glee 


err neelmereeecie ec lse 
dele cco iae Ma (1s 
Cire EURU ELT 
NaI Tennent Te) 
si yutiecee-lele merit g aoe 
eM Re Rese Dee tc 
conditions on any other world, 
as the atmospheric pressure 
ERC ce LRT 
Roma ent ias cm tet | 
Semen ile hity 
colonies as you 
Coit atecputtal 
wonders of 
Naess 
with dramatic 
Oe etal nennt 
Baal anrtendt ia 
the atmosphere. 
ey amet 
surface, things 
geta little 
toastier. Witha 
scorching hot 
temperature of 
several hundred 
Cot COS ee 
Selene ten cy 
meltlead-you 
Soa cela} 
Coulee here) 
unprotected. 


SR Cd 
Nearby destinations: 
Ue) 

Average temperature: 
Cree etd 


Explore a little and you'll 
CIR a neMna cya tecT| 
ELM Cosa en LesLece-V Sop CONN Lie Rel: (6s 
on planet Earth, These include 
huge canyons, volcanoes, and 
Oe na Ne east 

Oui ecE tee Ue tanh e sa elo 
Maen Seep veh ra 
eaten cges ceca ceat ey) 
Gren atu ec Rae een QUnT ony 


bre) 
Vee hcg 
magnetic field, which 
PE Cnn Cy 
slowly spinning core. 


Thin crust 

A thin upper layer may 
pees eit 
Noein 
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: Growing food on Mars and 
Rua eames emule 
ee CR Ree c 

mae 


Farming on alien planets 


Mars and the Moon could be new places to grow food 


elieve it or not, the soil found on the 
Moon and Mars could actually be much 
more fertile than some of the dirt found 


on Earth. If we are ever to go on to colonise 
other worlds - with the Red Planet being our 
number-one target - then this is very good news 
for astronauts. 

It’s thanks toa team ofscientists in the 
Netherlands, who have braved volcanoes in 


1336 


Hawaii and Arizona to obtain material akin to 
Martian dirt and lunar soil, to provide us with 
the information that could help humans one 
day settle on an alien planet. Both soils have 
the essential ingredients plants need to grow 
nitrates andammonium. 

The experts found - by using ‘fake’ minerals 
from Mars and the Moon to try and grow 
carrots, tomatoes, weeds and wheat - that 


untreated soil found on Mars was the plant's 
favourite. On the other hand, Moon dirt didn’t 
agree with them completely, with some crops 
struggling to grow. 

All's not lost for crop farming on the Moon, 
though - scientists think that pumping our 
natural satellite’s soil with nitrogen-fixing 
bacteria could be the ticket for growing crops 
on our cratered companion. 





DID YOU KNOW? The first successful orbital launch was back in1957 with the Russian Sputnik 1 


Rockets of the 
past, present 
future 


How does NASA‘ Space Launch 
System compare with some of 
history’s greatest launchers? 


and 


ver since the words “One small step for 
man, one giant leap for mankind” echoed 
from our television sets, space 


The SLS does lose sections 
after launch, shortening it 
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The Saturn V's inventor, 
Wernher von Braun, 
stands next to its 
gigantic F-1 engines 


exploration has been pushed to be faster, 
stronger, and bigger. This can be seenin the 
wide array of rockets that have been developed 
over time. While the smallest rocket of all time, 
the Space Shuttle, has been in use since 1981, 
the largest rocket has never been put to use at 
all. The At111 metres, the Space Launch System 
(SLS) Block 2 is set to be used in 2018, and will 
carry human astronauts. That doesn’t mean 
that big automatically equals modern; the 
Saturn V almost matches the SLS, despite being 
around 50 years old. 
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How we could turn craters into colonies for human life 


ACO ge scatters 

only 12 people have ever set foot on its 

surface. Since 1972, the only visitors have 
been robots, orbiters and probes. For a long 
time there was little interest in going back, but 
at just three days journey away from Earth, the 
Moon isan obvious target for further 
investigation. With more countries establishing 
their own space programmes, andan 
increasing number of private companies 
Coane aa ee M CoC etme a Colin ty 
OU aeneSeE-CHn 

BUN aNU leet elme manele ec lea 

hazardous, but if we can finda way to construct 
a base we would gain access to a wealth of 
Cos eR cc cece ec Bsn ae Bole 
telescopes and communications equipment, 


piers] 
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ENC meeer lene Rect 
the history of the Solar System. The Moon’s 
potential has been recognised by organisations 
Elec uae CR RCE EAC 
eee ETO S MNT Ce MCAT) u Cee Leen 
moment, these are focused around finding out 
more about the Moon’s potential, but over the 
Wide (ome (tele SUELO B USS eE nek Zt 
base construction could be on the agenda. 
Russia's Roscosmos are planning a series of 
FREES P See Rear gore (ee 
Celi are Bcelele (echo LiCe BL) 
collaboration with the European Space Agency, 
they are hoping to scope out the Moon’s south 
OCS POEs bet NAM BN Cleo el esyec(ad 
Esher ieee aco se ne od 
Chang’e probes to collect lunar samples in 
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preparation for future mining missions, and 
they are building a shuttle capable of lifting 
human astronauts to the Moon. What's more, in 
2007, Google launched the Lunar XPRIZE, 
Coeetc Tabs en LCRee eet on en eT LeB Ce) 
on the surface by 2017. Even NASA, who has. 

Co Tes OR OME be CesT BULLE 
TESTA COC ce) (ee DORR UC LEE S 
developing a probe to map the water deposits 
on the lunar south pole. 

P Nees Eee Channa aittie 
Hee Rees atom CUO nKee 
LTD lose eter et eC EETeL uae Cee (et 
Roy (cher keener ratte lucnuet em ellaen Cry 
reality. We explore what such a lunar outpost 
britdula lela thc om- tel MIMIC SECE Lee E-tale| 
challenges could get in the way. 
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The last person to have set foot on the Moon was Apollo astronaut Eugene Cernan in 1972 


Why the Moon? 


With preparations already underway for manned missions 

to Mars, some might question the logic behind a return to 

the Moon, buta lunar outpost could bring several 

advantages. A trip to the Moon and back could be completed 

in under a week, and the surface is rich in resources. Lunar 

dust contains hydrogen, oxygen, iron and other metals, and 

ifthese resources could be mined, it could provide a close . 
off-world source of water and building materials. 

The far side of the Moon is shielded from the noise of 
Earth’s communications, providing a quiet vantage point for 
looking out into the universe, and the near side hasa 
constant view of the surface of our planet, making it an ideal 
place to set up monitoring stations. Navigational support 
could also be provided fora variety of operations, from 
search and rescue on Earth to deep space exploration. 

Abase on the Moon would also allow us to look closer at its 
geology, which in turn would help us uncover more about its 
history and the evolution of the Solar System. Experiments 
could be conducted, and materials and equipment could be 
tested, away from the familiar conditions on Earth. 














































Colonising space Sees 
Nie eet etc Establishing a base on the 
many different functions, from Moon would be a big step 
mining to communications towards colonising Mars. 


Mining and 
excavation 
The Moon is rich in 
resources and could 
be used for 
construction or to 
make fuel, oxygen 
and water. 














Space outpost 
The Moon's location and lack of 
atmosphere make it a good place 
for communications equipment 
and sensitive telescopes. 





Exploration 
Large vehicles could 
be used to carry 

explorers away from 












Refuelling 
The low gravity on the 
surface would allow 


~~ established bases to > spacecraft to land, refuel 
PRS explore the Moon, and take off much more 
efficiently than on Earth. — 


* Building a protective habitat on 
the surface of the Moon will 
test technologies to their limits. 7 
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Ue eee eats 


How to Pa Eel Aas L 
build a base 


The Moon has little atmosphere and none of the 
protective shielding that we enjoy here on 
Earth; asa result, the surface is hostile. Itis 
pummelled by solar winds, scorched by 
radiation, and chunks of rock regularly fall 
from the sky. The ground is coated in the 
shattered remains of ancient asteroid impacts, 
forming a thick layer of sticky dust, and with no 
atmosphere or weather to wear the particles 
down, the grains are razor sharp. Asuccessful 
base would need protection against all of these 
threats, and, for people to stay there long-term, 
it would also require a steady supply of food, 
water, oxygen, power, shelter and rocket fuel. 

One of the most popular concepts for a lunar 
base is inflatable housing - lightweight and 
easily assembled by pressurising from the 
inside. With the airlock from the landing 
capsule used as a door, these structures could 
provide a quick and simple solution to setting 
up a base. However, a puncture could prove 
catastrophic, so the pods would need to be Oe Reece Roane te : Pres cue et 
shielded in underground chambers or beneath Pe Rial . Pecunia Eat} 
piles of Moon dust. ee nett 

Flat-packed panels could also be shipped in 
from Earth to build sturdier dome or hangar 
structures, but it would be much more fuel- nN 
efficient to use building materials found on the 
surface of the Moon. When heated, lunar dust 
can be transformed into a tough solid that could 
be used to construct buildings and roads, and 
3D printers could one day be used to make 
structures from the regolith. 

In the right location, solar panels could 
provide renewable power for the base, and, if 
plants are able to grow on the Moon, it could 
one day be possible to set up a semi-sustainable 
farming and composting system. Then, if water, Excavation equipment 9 
oxygen and hydrogen (rocket fuel) could be Ray re ur irene 
extracted from lunar dust, a base might even be UTR ir asc a ae 
able to become self-sufficient. 

Unfortunately, there are still major 
challenges to be overcome before we reach this 
stage, not least the devastating effects of lunar 
dust. The dust seems to find its way inside even 
tightly sealed spaces, causing rapid damage to 
equipment. There are some ideas to get around 
this, including cable cars or covered transport 
tubes to minimise the disturbance on the 
surface, and clean rooms and air locks to keep 
inside spaces dust-free. 


“Solar panels could 
provide renewable 
power for the base" 
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DID YOU KNOW? NASA held a Regolith Excavation Challenge to encourage engineers to built robots that can dig up lunar soil 


Craters 

Craters near the poles 
could provide protection 
against solar wind. 


Smooth terrain 
The surface near the 
equator might be easier 
to land on, but the 
temperatures here vary 
by hundreds of degrees 


, ras 
Mains) | 


a 
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Sunlight 

The equator is in darkness for 14 days 
at a time, but some places near the 
poles are in near constant sunlight, 


esse 


Permanent shade 

The north pole is smoother 
than the south pole, but parts 
of it are in constant shadow. 


Helium-3 
Solar winds have left rich 


helium-3 deposits near the 
equator, providing a potential 
source of clean energy. 


Lava tubes 

Caverns beneath the 
surface of the Moon could 
provide shelter from 
radiation, space weather 
and temperature changes. 


Water ice 

There is frozen water 
locked away near to 
the Moon's north and 
south poles. 


Location, location, location 


The Apollo missions landed close to the Moon’s 
equator, where the surface is smooth and 
Coleco a nee) ey UM Aor ES MOL a Noe Coto eS AS 
serious problems with temperature control. The 
Moon turns onits axis once every 28 Earth days, 
so daytime at the equator lasts for two weeks, 
and temperatures climb to more than 100 
(TLL O SLUM ae mee ROL MAORI) at CE 
same spotis plunged into total darkness and the 
surface cools to 150 degrees below freezing. 
MMi M aCe Mila ueCeel epee eesle 
problems for buildings and equipment, and 


SULt ieee mec Ae RRO 
Panna maton Tate nC) 
tice RTC RWULaU TCP ReeR NACE 
atmosphere, the equator is also blasted by 
radiation and solar winds. 

Atthe poles, night and day are less dramatic. 
MME ac ee Seen nome eee eek 
Srl tne Co muemu ati ayoc Tele hei 
temperature remains more stable ataround 
P75 Coke (aC SN NCE Roe a 
trapped at the poles, which could provide 
Per owe RE Te RU rece ee 


One promising location is Shackleton Crater, 
which is found at the Moon’s southern pole. It 
receives sunlight for around 80 per cent of the 
year, which could provide a near constant 
Toles) RLM ea (G IRA Tcey tee) tere o-veLIcMmSieTT Ce nbaT4 
a base near the equator would be more 
challenging, but underground habitats could 
provide enough protection in more exposed 
locations. Lava tubes like the Marius Hills pit 
could offer ready-made shelter from 
temperature fluctuations, solar wind, radiation 
and surface dust. 


acae 
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Inflatable habitats 


Building materials are heavy, 
so one option is to use 
inflatables. These would need 
to be protected from impacts. 





WHAT WOULD A 
Be NAN 0] RO) hi 
LOOK LIKE? 


The Moon is not a safe place for humans; 
Pree Ruel ahr) 






















Water supply 
Water could be extracted from lunar 
dust by heating it with hydrogen gas. 


Launch and landing 
The gravity on the Moon is low, so 

launching and landing spacecraft requires 
much less fuel than it does on Earth. 


Telescopes and 






equipment ae tee 
Away from the Radiation shielding 
interference of Earth's Buildings would need to be 


atmosphere, a lunar protected from radiation. A 
base could house popular idea is to bury them 
powerful telescopes. under layers of moon dust. 
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The Moon is an average distance of 384,400km away, equal to about 30 Earths lined up side by side 





Oxygen 
Water extracted from the lunar surface 
could be split into hydrogen and oxygen 
using a technique called electrolysis. 


\ Glass roads 
Microwaves could be used to 
melt the dust on the surface of 
the Moon to produce smooth, 







‘tough roads. Food Flatpack buildings 
Farming resources would need Buildings could be 
to be transported to the Moon, constructed using geometric 
but waste could then be recycled frameworks shipped in pieces 


to keep plants growing. from Earth. 


‘DK: Dreamstime 





Mining 
operations 

The dust - or regolith 
= could be mined for 
use as a building 
material, or to make 
oxygen, water and 
rocket fuel. 
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SUBSCRIBE ANDSAVEUP T0 747% 


Every issue of your subscription, delivered direct to 
your door. Print & digital editions available. 





NEAT STORAGE 


Store up to 13 issues of your magazine subscription in a coordinating slip case or ring binder. 
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From photography to music and technology to field sports, 
there’s something for everyone. 


Our magazines and binders make perfect gifts 
too. And don’t worry if you’re not quite sure which 
titles they'll enjoy the most because we have a 
great choice of gift-vouchers available-to buy. 





@ Nohidden costs fia Shipping included in all prices 9 We deliver to over 100 countries @ Secure online payment 


Future My magazines —_ myfavouritemagazines.co.uk 
Official Magazine Subscription Store 
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Discover another of our great bookazines 


From science and history to technology and crafts, there 
are dozens of Future bookazines to suit all tastes 
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(eh mrede-tolaecto Va) LTA) 1000s of great titles, many Worldwide delivery and 
you buy direct from us not available anywhere else super-safe ordering 


4 “ www.myfavouritemagazines.co.uk 
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